Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


g Reserve 
eta ik 
= \oE itn 
YY) = Oo . | 4 
O ih 2 GD d ioe As i Q 
c $2 a fe eS im } \a 
(oe) Seg sae x 
ro: o~ 4 ae. fe a Vy il | 
4 Ey ae Zs. , 
Combes) |e il ih 
(= Od We \ \ Tb? 2 Le 
0 2530 | mn 
Oo OXee eae ey aN 


ee, 
ey 
ste 


+e 


®@ ee 
mili yy 
% 


ee 
La Sor 
Pay 
vs 
ay 
% 


Savina Ce Bg 
ree 
Iya, § 
, 
Set 
ERS sy 
$ 
¢ 
cyte 
© ORs sg yc 
Sas 


l Forest 


iona 
Region 


la 


ae Nat 
liforn 


Forest Service 
Ca 


=. S.D.A. 


United States 
Department of 
Agriculture 


NATIONAL 
| AGRICULTURAL 
LIBRARY 


Advancing Access to 
Global Information for 
Agriculture 


SEDIMENT TREND STUDY 
L.A. RIVER FLOOD PREVENTION PROJECT 
1972 
ANGELES NATIONAL FOREST 
CALIFORNIA REGION 


Prepared by! Cott S Ci. g el emer a Jhb A Lean 
EARL C. RUBY oF ROBERT A.” REESE | 
Hydrologist Watershed Mgt. Officer 
Angeles National Forest Angeles National Forest 


NOTE: 


This study was begun by the Angeles National Forest in 
February, 1972, in conjunction with Management Sciences 
Staff, of Berkeley. Bill Kennedy was the man who helped to 
array the data, develop the analytical procedure, and 
supervised the preparation of the computer programs that 
are used. He also spent considerable time and effort in 
training Angeles personnel in the use of the computer and 
formating of the data. The first draft of this study 
was written and submitted to the Forest by Bill. In the 
subsequent revisions and updates, the data has been refined 
a great deal and some supplemental work has also been done. 
But the basic concept and systems analysis have not changed 
much. Bill passed away Christmas, 1972, before this study 
was brought to final draft. 
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DETERMINING TRENDS OF SEDIMENT PRODUCTION 
WITHIN INDIVIDUAL WATERSHEDS OF 
THE LOS ANGELES RIVER WATERSHED 


I. The Watershed 


The Los Angeles River Watershed System (L.A.W.S.) is only a 
portion of the actual L.A. River Watershed. It includes 
only that portion which has been monitored for sediment 
yield. It was not established as a study area, but 
evolved through time as sediment trap basins were construc- 
ted. (See Appendix 4, Sec. 4, which is the list of basins 
and backup data.) Several concepts are essential to better 
understand the complex nature of this study area: 


A. Validity of Debris Records 


1. Annual sediment yield is, in early records, often the 
amount of sediment removed from the trap basin and may be a 
"truck count", or a surveyed measurement. 


2. It may be an annual yield, or an accumulation of 2 to 7 
or more years of annual yields between cleanout schedules. 
The zero years, therefore, may be "phantom zeros", because 
there may have been unmeasured inflow. : 
3. The cleanout was designed to restore the basin capacity, 
not to measure inflow, amd seldom included all of the 
sediment deposited upstream from the basin. 


4. Some basins have been surveyed, in recent years, to 
compute inflow, which gives an accurate reading, but also 
mixes accuracy within records. 


? 
5. Available records are from one year to 43 years, 
depending on the time since initial construction of each 
basin. 


6. The sediment is measured from watersheds of many 
different sizes; of the 79 watersheds (in 1972), 58 are 
less than one square mile and 21 are greater: 


Table: 1. 
SIZE OF SUBUNITS IN L.A.W.S. 
1971 


SS 


LESS LESS 2.0 Sq.Mi. 3.0 Sq.Mi. 4.0 Sq.Mi. 


THAN THAN OR + OR + OR + 
0.25 .0.50 
21 42 58 21 iz 6 8 


(53%) 4737) 1 (27%) 


(15%) (8%) (10%) 


7. The size of L.A.W.S. has not been consistent, but ranges 


as follows: 


TABLE 2 
RANGE OF SAMPLE SIZE 


Number of Area 


Basins Sq. Mi. 


33.42 
Ww 
36.30 
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8. New basins, and hence area, are still being added and/or 
dropped, and will continue to be added, or deleted. 


9. Some records may include sediment sluiced into them from 
another basin above, such as a large water impoundment. 


10. These records do not include the fine sediments which 
have gone through the spillways. The basins with large 
impoundment pits, (such as Sunset Lower and Wilson), will 
trap a greater proportion of fine sediments than the 
smaller pits because of the longer route of travel. So the 
relative proportion of fine sediments actually trapped will 
vary an unknown amount. 


11. Some records may be _ less than actual inflow if the 
sediment was partially sluiced out. 


12. Some watersheds were begun as_ one basin then were 
replaced by two or more, and old records are therefore 
replaced by two or more new records. 


13. Some watersheds have been partially urbanized since the 
record began, (See Appendix 1, Sec. 1) and their sediment 
yield area is thereby modified. 


The function of sediment basins is to trap and desilt 
floodwaters, then release desilted flows to percolation 
beds, reservoirs, or the ocean. To maintain a safety margin 
and protect populated channels, each basin is cleaned 
out’ when 25% of its capacity is filled. The cost of 
cleanout is significant, and creates a constant need to 
reduce sediment yield from the watersheds in L.A.W.S. Four 
treatments for sediment control have been used most fre- 


quently: ) 


1. Fire Control 

2. Vegetative cover improvement 
3. Road stabilization 

4. Cross-channel check dams. 


The effect of adverse sediment yields has been well known 
since the early 1900's but efforts to control sediment have 
been greatly intensified since 1950, through an accelerated 


program in fire and sediment control. The reason for 
attempting to determine sediment yield trend is to help 
evaluate the effects of intensified treatment on the 
sediment problem. 


B. The Debris Generation/Delivery System 


The task ‘of compiling and evaluating a good set of annual 
sediment yield records is further complicated by the nature 
of the debris generation/delivery system. 


The concept of the debris generation/delivery system 
is illustrated by Figure A (next page). The three compon- 
ents of the debris generator are: 


1. Ridgetops 
2. Side slopes 
3. Channel bottoms 


These are often indistinct and not clearly defined. The 
debris can be stored in place, or transported to a storage 
site by gravity and water. The steep slopes, (often over 
100%) tend to yield the debris, as it is generated, as 
talus or alluvium, because the gradient is too steep to 
hold the fragments. The results of a research study on 
debris movement indicates that up to 89% of the mass 
movement can be by gravity (called "dry creep''). (See 
Appendix 4.) Dry season debris movement is an important 
feature of the debris system because it indicates that 
erosion is a constant, everyday, yearlong, process and not 
just during the wet season. The fragments of debris are 
most active on steep slopes (60%+) of south aspect, which 
suggests that slope gradients and temperature changes are 
important influences. There is an annual accumulation of 
debris at the first break in the slope gradient, which can 
be the upper sideslope, lower sideslope, or the channel. 
Once the debris is at rest and becomes stable with time, it 
will require some external force to cause it to further 
transport; which may be: 


1. Removal of plant roots that bind it in place, 
and/or 

2. A high intensity storm, and/or 

3. Undercutting from below by dry ravel, road 
construction, etc., and/or 

4. Other disturbance. 
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The final resting place before final transport is the 
channel, since it has the lowest gradient of the three 
components of the watershed. Debris tends to accumulate in 
the channel for a number of years, then flushes out every 
few decades, in a flood. This distorts the debris yield 
records, because the watershed may generate debris at a 
constant rate, but only flush out every 30 years or more. 
Therefore, the debris yield potential is related to: 


1. The accumulation of debris in the system. 
2. The stability of the debris deposits, and 
3. The magnitude of the hydrologic event. 


A massive debris yield may indicate that the problem has 
been solved for several decades, wtil the right combina- 
tion of flood and debris accumulation again exist. It may 
also mean that the sideslope storage has been released 
from below by movement of the bedload, and stabilization is 
necessary. In either case, the condition should be identi- 
fied - and quantified before treatment is prescribed, or the 
wrong treatment can be used. If a channel has a deep 
bedload, without gullies, and appears to be stable, it may 
be a prime candidate for stabilization treatment. 


The significance of both debris accumulation and _ the 
influence of high magnitude floods are apparent in the 
debris yield records. A high magnitude flood may flush out 
only moderate amounts of debris, or a moderate flood can 
trigger catastrophic mud flows of debris. The volume of 
debris depends on the combination of both influences. 


To compensate for the large variation in debris yields, it 
requires fairly long-term records. The records are analyzed 
as accumulating amounts to improve the correlation. 


C. Need for Evaluation 


The value of check dams for sediment reduction is needed 
now, but the systems have not been installed long enough to 
have been tested in a wide enough range of hydrologic 
events to accurately evaluate the response to treatment. 
Only six canyons had been treated four or more years prior 
to the flood of 1969. 


It is important to realize that even small reductions in 
sediment yield are important because removal costs range 
$2-$3/cu. yd. once it is trapped in a basin, and are 
escalating along with the rest of the economy. 


These are expensive projects to construct, and some evalua- 
tion of effectiveness is needed to evaluate the numerous 
proposed projects. Several attempts have been made to 
analyze treated and untreated watersheds to establish the 
benefits as a percent of the annual yield. (See Appendix 4, 
Sec. 35; The L.A. County Debris Reduction Study of 1959; and 
unpublished Forest Service studies.) From this type of 
study has come the general rule of thumb that a treat- 
ed canyon will produce 37% less sediment annually than an 
untreated canyon over the stabilized reach. The 37% rule of 
thumb has developed through the observations and estimates 
that have been made to date. The basic Forest Service 
document which first supported this rule is Appendix 4, 
SECs os 


These types of studies leave many unanswered questions, and 
are not accurate enough for planning purposes. For in- 
stance, suppose the 37% rule is true on the average, but 
some debris yields may be reduced by 75% and others by 
7%, and the average is possibly 37%. The important thing to 
consider, then, is the site criteria that influence a 
reduction, then each watershed can be evaluated on its own 
potential. Once the site criteria are identified and 
quantified, each proposed channel can be _ evaluated to 
determine its response to treatment, and the rule of thumb 
is not needed. 


D. Factors that Influence Debris Yield 


The influences that affect sediment yield can be classed as 
"external" to the individual watersheds, or "internal". 


1... External Factors 


Such things as climate, duration, and intensity of storms, 
etc., are extemal to any one watershed, and general on the 
entire system as a whole. They seem to have the greatest 
effect on annual sediment yield for any one year. The 
large storms of 1938, 1943, and 1969, are good examples. 


Sometimes one-third, or more, of the total sediment yield 
for a 30-year period may be delivered by a single storm 
event, as in 1969, (Pickens, Rubio, Brand) the external 
influences are not subject to control by man, we can only 
prepare to control the results with structural works. The 
erratic cycles of external influences make them unpredict- 
able and difficult to manage. 


2 Internal Factors 


Such influences as vegetal cover, topography, fire, slope, 
ground cover, etc., are internal, and associate to make 
each watershed a wumnique individual wnit, with tmique 
functions. Except for large burs, the influences are 
fairly stable annual factors, and therefore do not induce 
much fluctuation in the sediment system. Man can adjust and 
modify these factors to some extent, depending on the 
amount of investment he wants to make. Wildfire and 
landslips are the biggest problems because they both 
release temporary storage to channels for further trans- 
port. A good example of the response to fire is Brand 
Canyon (treated), and Sunset Canyon (untreated). Both were 
burned 100% on the same day, 3/1964. Brand produced more 
sediment the first year after the bum than it had yielded 
in the previous 20 years; then yielded 3.4 times the 21- 
year amount the following year, and in the six years 
after the burn, the total accumulated yield was 14.2 times 
its 20-year prefire record. Sunset Canyon doubled its 
previous 36 years of records the first year, and tripled it 
in the following 6-year period. In this event there 
was some interaction between external and internal factors. 


Ti«< the Evaluation 


A. The Components of Comparability. 


In comparing sediment yield per year, per wit of area, of 
individual watersheds, we can relate the performance of 
each individual watershed in the system to the total system 
(LAWS). By accumulating the annual yield from an average 
watershed, we can build in a certain amount of correlation 
to the data, and compensate for the years when there was 
some inflow, but no measurement. The "average" watershed is 
one square mile on both L.A.W.S. and the canyon being 
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related to LAWS. With L.A.W.S. as the standard, or norn, 
we can compare each subwatershed to the same value, in the 
same unit of measurement, and thereby show its relative 
functions for the period of records. 


This correlation is expected to compensate for some exter- 
nal effects, (since they are an influence in both L.A.W.S. 
and the test canyon) and some internal effects (if an 
adequate time of calibration precedes both the channel 
treatment and external influence). 


In the process of analyzing several mass sediment yield 
curves, it is observed that there is an apparent cycle for 
the period 1944 - 1969. (See curves Appendix 1, Sec. 2.) 


A comparison of the running mean curves for L.A.W.S. debris 
yield and runoff water to the ocean also indicated an 
identical cycle. This suggests that both sediment and 
floods have followed a similar pattern, or in other words, 
it is a weather-influenced cycle. Since there is a similar 
curve for both parameters, and the time span is identical, 
it adds considerable confidence to the premise that this is 
a definite cycle of events. 


All of the debris analysis is confined to .this identified 
cycle period and later years, even though records may have 
existed prior to the cycle. There are 20 watersheds, 
consisting of 33+ square miles of area that have records 
for the entire 26-year cycle, 1944-1969. (See Appendix 1, 
Section 4). 


B. The Comparable Watershed 


Using Dunsmore watershed, which was treated with check dams 
in 1964, as an example we can describe its response to 
treatment. This 0.84 square mile watershed includes a 
number of the problems previously discussed on inaccur- 
ate inflow records. The mass curve, Figure 2, shows the 
typical sediment cycle, and the data table, Place 2, Col. 
4, shows several zero years followed by the accumulated 
amount. The data for L.A.W.S. does not have zero years 
because so far there has always been some yield somewhere 
on the watershed. The analysis of this data is as follows: 


DUNSMORE CANYON ( Data Source: Plate 2 And App. 6 ) 
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PLATE 2. Sediment Records - Dunsmore Canyon 0.84 Miles 


| 2 3 4 5 6 7 8 9 = 40 11 

N Water Year Annual Col. 2 Yield (Cu. Colum 4 Running Correlate Regress. Regress. LAWS Running 
Cleanout Accum. Yd./Sq.Mi.) Accum. Mean Coeff. Coeff. Coeff, Accum. Mean 
(Cu.Yds.) Col.2-0.84 Col.5-N "tr"! Matt Up" (C.Y ef Col.10-N 
Sq-Mi.) 

1 1943-44 3888 4628 4628 4628 4231 4231 
2 1944-45 766 911 5539 2770 5597 2798 
3 1945-46 2204 2623 8162 2721 6426 2142 
4 1946-47 ) 0) 8162 2040 7413 1853 
5 1947-48 ) ) 8162 1632 7701 1540 
6 1948-49 0) ) 8162 1360 7849 1308 
7 1949-50 0 0 8162 1166 ©9235 By yep ta | 1.000 8000 1143 
8 1950-51 0 0 8162 1020 w9225 718.64 0.9664 8027 1003 
9 1951-52 11025 13125 21287 2365 9815 -2896.51 1.5050 15514 1724 
10 1952-53 0 fe) 21287 2129 ©9893 -2800.50 1.4910 16245 "1624 
11 1953-54 0 . fe) 21287 1935 9819 -1662.49 1...3:350 18834 1712 
12 1954-55 0) 0 21287 1774 ©9761 - 839.78 1.2262 20050 1671 
13 1955-56 1184 1409 22696 1746 29729 - 151.59 1.61412 22162 1705 
14 1956-57 3600 4285 26981 1927 9789 - 250.42 1.1530 23220 1659 
15 1957-58 4692 5585 32566 2171 9832 - 620.70 1.1930 26421 1761 
16 1958-59 0 fe) 32566 2035 ©9856 - 318.95 1.1628 29518 1845 
17 1959-60 ) 0) 32566 1912 -9857 59.97 1.1262 _ 30873 1816 
18 1960-61 2168 2580 35146 1953 ©9874 242.75 1.1093. 32594 1811 
19 1961-62 2829 3367 38513 2027 9661 2323.75 0.9524 46545 2450 
20 1962-63 3908 4652 43165 2158 9679 3076.43 0.8974 49424 2471 
21 1963-64 0) ) 43165 2055 9691 3608.16 0.8952 50843 2421 
22 1964-65 0 Oo . 43165 1962 ~9651 4405.08 0.8060 56212 2555 
23 1965-66 0) 0) 43165 1877 9496 5799.17 0.7225 66326 2884 
24 1966-67 2000 2380 45545 1898 - 9388 7035.81 0.6535 74472 3103 
25 1967-68 600 714 46259 . 1850 ©9342 7878.84 0.6078 77548 3102 
26 1968-69 17300 20595 66854 2571 ~9467 8737.56 0.5699 111828 4301 
27 1959-70 1100 1309 © 68163 2525 ©9559 9128.98 0.5527 113996 4222 
28 1970-71 0 0 68163 2434 ~9619 9387.85 0.5414 115159 4113 
29 1971-72 (0) 0 68163 2350 9661 95:71:02 0.5335 115856 3995 


30 1972-73 7216 8590 76753 2558 ~9710 9462.09 0.5380 121198 4040 


( Data Source: Plate 2 ) 
SM 4 Tr 
DUNSMUIR CANYON REGRESSION CURVES FIGURE 3 
ACCUMULATIVE SEDIMENT AS PREDICTED BY L.A.W.S . 
150 M YR. 22 YR. 20 & 21 YR, 22 YR. 23 YR. 24 


125 M 


100 M 


1M 


SED. YIELD 5Q. MI. 


50 M 


DUNSMUIR ACCUM 


25 M 


LeAwW.S. ACCUM. SED. YIELD SQ. MI. 


25M 50 M 75M 100 M 125 M 150 M 175 M 200 M 


14 


1. We correlate the two mass yield data, (Col. 5 and 10, 
Plate 2) with a single regression analysis. Regression is 
with L.eA.W.S. on the X-Array, and Dumsmore in the Y-Array 
of data, for the years 1944-1973, 1944-72 and so on to 
years 1944-64 then for alternate years. (See Appendix 2, 
Sec, <1). 


2. The regression line (solution of Y=A+BX) is plotted 
through the scatter of points for each period of record, as 
shown on Figure 3. This line is the "best fit" to the two 
sets of data. 


3. These regressions were determined by the computer 
program *SIREG* developed by Management .Sciences Staff, 
Berkeley. The results are shown in Columns 7, 8, and 9 of 
Plate 2. 


4. The regression lines (Fig. 3) indicate the performance 
of Dunsmore watershed in relation to the performance of the 
whole watershed system. If the line is steeper than 45 
degrees (which is a 1:1 ratio), then Dunsmore exceeds 
L.A.W.S., and if it is less than 45 degrees, then Dunsmore 
underproduced L.A.W.S. 


eRe Orne cio ew 


The regression analysis indicates that: 


1. For the first 21 years of the period of comparability, 
Dunsmore correlated strongly with L.A.W.S., (correlation 
coefficient 0.97). 


2. The 21-year regression line is almost identical to the 
20-year regression line. At year 11 and before, there is 
insufficient data to develop a good correlation. 


3. We can say then, with a considerable degree of confi- 
dence, that Dunsmore performed similar to L.A.W.S. in 
sediment yield for the 21-year period, 1944 - 1964. 


4. In 1965, (year 22) there was a significant shift 
downward in the slope of the regression lines (indicating a 
diminished amount of debris inflow to the basin at the 
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mouth of the canyon) and a continued annual additional 
shift for the next 7 years of record, although it was 
progressively less each year. 


5. The downtrend appears to have leveled off in year 29, 
(1972) and perhaps began a slight uptrend in year 30. 


6. The downward shift in the slope of the line continued in 
spite of a major flood event in 1969 (year 26). 


The definite change in the slope of the regression line 
occurs the next year after the check dams were installed. 

This would suggest that, after 21 years of consistently 
strong correlation, that the abrupt shift in the regression 
line (at year 22) is due to the performance of check dams 
that were installed the previous year, and they have indeed 
reduced the sediment yield. The next -question is, how 
much? 


D. The Magnitude of the Response to Treatment 


To estimate the change in yield, it is first necessary to 
compute how much sediment would have been produced without 
the structures, compare it with the actual yield, and take 
the difference. The output for each regression also inclu- 
ded the formula of a straight line equation which best fits 
the data. 


The first 21 years of record are used to establish a trend 
between L.A.W.S. and Dumsmore. The trend can then be 
projected for 9 years to predict the accumulated debris 
yield for Dunsmore by 1973, on the basis of the accumu- 
lated yield for L.A.W.S. (See Appendix 2, Years 1944-64). 


a+bX 
3608 + 0.859179 (121,198) 
1077739 cu. ydse/sq; mr. 


tot fl 


Where: Y = Dunsmore, accumulated debris per sq. mi. in year 


a+b = regression coefficients from Fig. 1 
X = the accumulated debris yield of L.A.W.S. per sq. 
ints 2m 19734 (See Plate 2) 


Fig. 4 
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This means that Dunsmore would probably have yielded an 
accumulated volume of 107,739 yards without the check dam 
construction. The actual accumulated yield for Dunsmore, 
with the check dams, is computed with the "after treat- 
ment'' equation. (See Appendix 2, Years 1964-73). 
x a+bX 

13,864 + 0.476791 (121,198) 
715651 


Noi Wl 


The difference is the benefits of check dam treatment: 


107,739 - 71,651 = 36,088 cu. yds./sq. mi. in the 
average watershed, or: Bog 


36,088 cu. yds./sq. mi. (0.84 sq. mi.) = 30,314 cu.yds. 


reduction in the accumulated debris yield. The total debris 
yield for the watershed is: 


28,216 cu. yds. (inflow to the basin) 48% 
+ 30,314 cu. yds. (reduction) 527 
JOegIIU Cy Yass 


The 52%. reduction in debris yield is certainly a signifi- 
cant amount. The change in the regression lines resulting 
from check dam treatment are illustrated in Figure 3. 
Figure 4 illustrates the shift in the trend of the debris 
yield and also the relationship of the regression coeffi- 
cients. 


The slope of the regression line is the "b" coeffi- 
cient. Each time the correlation between L.A.W.S. and 
Dunsmore changes, the "b' value will change. Fig. 5 is a 
plot of the "b'' value, to illustrate the definite change 
that was caused by check dam installation. 


E. Debris Storage in the System 


Also shown in Figure 5 is the plot of "b" values of linear 
regression with debris storage in the check dam system 
included. To obtain this value, the volume of debris above 
each check dam is calculated, using the computer model 
DAMCAP. The data is then tested for comparability with a 
random t-test and a paried data t-test. In both t-tests the 
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results show that the debris yield of L.A.W.S. and Dunsmore 
+ DAMCAP are similar populations. (See Appendix 3). 


The regressions indicate that when check dam storage is 
included in the debris yield record, there has been no 
significant change over pretreatment yields. There may be a 
slight increase in debris yield but it is not statistically 
significant. 


The Dunsmore Canyon check dam system is now filled to 
110% of its capacity, with a large overload on the upper 
structures. The November, 1973 survey reveals that the 
debris cones of several dams have backed up on the next 
higher dam: 


Dam # Depth of Cone 
4 3 feet on sill of #5 
5 1 foot on sill of 76 
8 9 feet overload in debris drifics 
9 15 feet: overload in a debris drift 


Conversely, the other debris cones are not yet mature 
(See Table 3 below) as of 1973. The volume of debris in 
each check dam system is computed with the computer program 
DAMCAP, which was developed and written by Management 
Sciences Staff, Berkeley. The method needs to be refined to 
improve its accuracy. (DAMCAP printout is in App. 3.) 


The dams in this system were located by use of the 
rule-of-thumb that the debris cone will mature on a 
gradient which is 7/10 of the original channel gradient. 
The rule has not proven to be very accurate on other 
channel projects, and is not supported by the study of 
Dunsmore debris cones. The cones apparently mature on a 
gradient greater than level, but how much is still to be 
determined. 
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TABLE 3. Storage of Debris, Dunsmore Canyon 
(Cubic Yards) 


DAM NO. A Z 3 4 5 6 7 8 ~) Tot. 
DESIGN 6700 4500 3000 6100 5300 7900 23100 10400 5600 72600 
Date/Yr. 2/64 2/64 2/64 2/64 3/64 2/64 3/64 6/64 5/64 


1964 227 547 407 1321 1211 2335 6159 3485 1739 17431 
% 3% 12% 14% 22% 23% 30% 27% 34% 31% 24% 


66 1814 1647 1004 2597 2324 3966 12825" 5565 3030 34773 
1 27% 37% Io 4 43% 44% 50% 56% 54% 54% 48% 


10/71 4473 2833 2004 5916 D432 D3 D0 18171 11803 8710 64402 
to 67% 63% 67% 97 % 97% 68% 79% 113% 1567 89% 


11/73 5030 2962 Zoi9 7486 Df 23 5588 20636 15330 14296 79900 
1 75% 66% 94% 1237 109% 71% 89% 147% 255% 110% 
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Note in Table 3 that the dams were all constructed in 
the spring of 1964, with very little inflow that year. 
Therefore the storage for 1964 is not an inflow volume, but 
is the backfill as part of construction. In addition to 
the backfill will be the access road grade, undercut side 
slopes, etc., that normally flush out the first storm year 
after construction. Since backfill is 24% of the storage 
capacity of the system, the total construction-induced 
debris will be at least 32%, or 23,235 cu. yds. Several 
other things can be noted about this table: 


1. The upper dams appear to fill first, which may 
suggest that the source of the most massive debris movement 
is from above the check dam system rather than from 
adjacent sidewalls, or the immediate channel. 


2. The entire check dam system is not filled, but some 
are over and some is under the design amount. 


3. The overload volume may be unstable to the point 
that it will later be flushed out. 


4. The system is now 9 years old, but is not yet 
filled, or stable, and seems to be constantly changing. 


5. Each debris cone has consistently agraded, and not 
one has yet degraded. 


The actual debris trapped is the present volume minus 
construction-induced debris: 


79,900: cu, ydsi = 23,235 cus yds. = 56,665 cu. yds. 


This value is significant, in that it is a greater 
volume than was predicted by the preceding regression 
analysis, by.26,551. cus yds. (87%) s Thateris? 


56,005 CU. yds«~ = 30,314 cu, yds. = 26,5351 cu, 
yds. 


The significance is that virtually the entire volume 
that can be claimed as a reduction in the debris yield can 
also be accounted for in storage and overload on the debris 
cones. The overload is: 
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Dam #4 - 1386. cu. yds. 
#5 - 453. cu. yds. 


#8 - 4,930 cu. yds. 
#9 - 8,696 cu. yds. 
Sum 15,465 cu. yds. 


The overload may or may not be a threat, because it is 
based on the design rule-of-thumb that the cone gradient 
will be 7/10 of original channel gradient. The rule-of- 
thumb has never been proven accurate. In this case, 
however, it is the best we have. Had the overload been 
yielded instead of stored it would have lowered the debris 
reduction benefit to-Z0% instead of 52%. 


III. Summary 
This evaluation of the effectiveness of a crib dam system 
as a debris control treatment is based on the comparison of 
Dunsmore Canyon debris yield to a norm, before and after 
treatment. There are 21 years of debris basin records 
before and 10 years after treatment. In order to minimize 
the variation of records, the data is accumulated for an 
average watershed (1 sq. mi.) for both the norm and the 
test canyon. This method of evaluation can be used on other 
watersheds that are treated with debris control structures, 
to determine the response to treatment. The conclusions of 
this study are: 


1. In the 10 years following crib dam construction, the 
accumulated debris yield at the basin has been 52% less 
than was expected. 


2. The reduction in debris yield can all be accounted for 
as storage accumulation above the check dams, and therefore 
the reduction is apparently a temporary condition. 


3. In the last year of debris records, the trend has 
apparently began to return to the normal, pretreatment 
level. 


4. When all of the system storage is included, there has 
been a_ slight but statistically insignificant increase in 
debris yield over the amount expected. 


5. The check dam _ system did not trap 100% of the debris 
yield at any time in its history, as was expected in 
pretreatment evaluation. 
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6. Construction-induced debris and backfill take up 32% of 
the original system storage potential. 


7. There is an apparent overload of debris on the cones of 
dams 4, 5,°* 8, and 9, as much as 155% over the designed 
amount. 


8. The rule of thumb that, "the debris cone gradient will 
assume a profile 7/10 of the original channel gradient", 
cannot be supported by this study. The overloaded debris 
cones tend to disprove this theory. 


9. The rule of thumb that "the stabilized reach will show a 
37% reduction in debris yield" cannot be supported by this 
study. me 


10. There is no apparent permanent reduction in the debris 
yield due to check dam treatment. 
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WATERSHED HISTORY 


SEDIMENT ORIGINAL L972 TREAT 
LOCATION TRAP BASIN AREA AREA DATE BURN /% 


Sombrero 
Stetson 
Hog 
Schoolhouse 


Sylmar 


Verdugo Brand 0 - 1949 
Childs 0.35! - - ; 
Deer 0,59 - - 
Elmwood | On. o2 - a. 
Hilterest | ae ~ - 
Sunset: Liver. | ae 5 * - 
Sunset Upr. | QO. : = 

Tujunga | Blanchard | - 

La Canada SBiue Gun a - 

Cooks 58 


Eagle 
Gould 
Haines 
Halls 
Hay 
Pickens 
Rowley 
Shields 
Snover 
Verdugo 
Ward 
Winery 
Zachau 


! 
Dunsmore .o4 


-Altadena Pair. Oaks 
Fern 
Las Flores 140(112 ) 1966 
Lincoln D0 
Rubio 1. puree 


West Ravine 20(205) 
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LOCATION 


Sierra 


Madre 
Monrovia 
| 


Azusa 


Claremont : 


\ 


SEDINENT ORIGINAL 1972 TREAT 
TRAP BASIN ARES AREA DATE BURN/% 
1954-803 

Auburn .19 -— 61-85% 

Bailey . 60 - 1954-100% 
61-35% 

Bradbury 68 - 19532555 
58-100% 

Carriagé Hse! .03 . 

Carter Me) 4 - 1954-90% 
61-95% 

Kinneloa E. 26 - 

Lannan “25 - 1954-100% 

Waddock 225 - 1953-90% 
58-100% 

Ruby <20° - 

Santa Anita {1.70 - 

Sawpit 2:84 - 

Sierre i. 2559 | - 

Sierra 3.Vi '1.46 | ~ 

Spinks 44 - 

Sturtevant 20S - 

Sunnyside ; 


Dalton 1968 


Beatty 20 - 1946-908 
68- 
Englewild «40 ; - 1960-109% 
Harrow 243 = 1968 
Hook. £. 18 = 1968 
Hook W. ‘ 1968 
Little 1919-100% 
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pe) 
(e) 
fe) 
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100 


M 


M 


M 


Me 
ML 


M 


M 


M 


M 


1935 
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ho 


FLOOD YEAR 
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APPENDIX 2 


Section 1 - Results of Linear Regression 


APPENDIX 2. Linear Regression Results with Debris Records - 
X=L.A.W.S. Y=Dunsmore 
For the groups of years listed 
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THE LORRELATTION COEFFICIENT BETYEFN xX AO Y TS 9690 B21 


RFGRESSTON EvWdAT ION 
Y= 5564.4 ¢ s47H794 * YX 


PHeNBGT PERCENT OF THE VARTATION TH y LS ACCOUNTED FOR RY AFASUOT YG 


RKEKRAHEREA MEET RRL EKKRE KER AK KKHER KE KKEE SKE 


RUN AGALY WITH DATA ACCYAYLATED CyeS OR HO)? 


aes 
— — —— SSS = 

ey . Bi: ; ee liven Avo 

hopes (a . a“ -- 


| "hie sos 
t _ _ anal : r r ' 


SECTION 1. 


SECTION 2. 


SECTION 3. 


SECTION 4. 


SECTION 5. 


APPENDIX 3 
SEDIMENT TREND STUDY UPDATE DATA TABLES 


Data Table of Debris Yields for L.A.W.S. , and 
Dunsmore. (includes debris basin records plus. 
DAMCAP storage for years 1964,1966,1971,1973) 


Random Data t-Tests of Data Table in Section l. 

- entire record, 1944 to 1973 

- years 194) to 1964 (before check dam treatment) 

- years 1964 to 1973 (after treatment years) 

Paired Data t-Tests of Data Table in Section 1. 

- entire record 1944 to 1973 

- years 1944 to 1964 

- years 1964 to 1973 

Linear Regression of Data Table in Section l., as 

accumulated data for the years: 

1944-73 Entire record to year 30 
W W W it 


194.472 29 
194-71 Ww W W WwW 28 
194-70 W " " " 27 
1944-69 W "W Ww Ww 26 
1944-68 " W W Ww 25 
1944-67 W " Ww Ww oh 
1944-66 YW W W YW 23 
1944-65 W W W W 20 
1944-64 W W " WwW oL 


DAMCAP Data Computer Printout 


= ; 
te } 
“ts 
= SECTION 1. Data Table of Debris Yields for L.A.W.S. , and 
Dunsmore. (includes debris basin records plus 
J | DAMCAP storage for years 1964,1966,1971,1973) 
yy ie Pa er a ge € are = ae : -- - + ee ae Me har SALES PED SOE “ET, 
| | (4) (2) ) 
i YEAR LeAeWeSo DYNSMOR E ROW SUMS ROW MEANS 
| — 4944 4231. 4428 4623 £4628 , 
1945 1466 941 941 944. 
1945 - = R29 2423 2623 2623 £ 
| Y 4047 987 8 x a 
1948 283 4 eG roa é 
1949 1438 7 q a: * 
| . 1954 151 3 @ G 
4954 27 G 65 G. 
2% 1952 7487 13125 43425 13425: 
1953 (3 4- 4 G 6 : 
J 195 & 2539 a G o. 
=e 1955 1214 5 6 a, 
4955 2142 4449 14659 1459: 
| 1957 1452 4285 4285. 4235 
_ 1953 © 3241 5585 5535 5535 
19.59 $AO7 9 0 A 
| 1963 1355 6 6 a | 
1961 1721 2580 2585 2585 
1962 439514 3367 3367 3367 
d 1955 2379 4652 465? 4552 
mB 1964 4449 17% 31 17434, 17431 | 
1965 5369 g ¢ G, 
| 19.64 14414 47342 47342 17342 
| / 4967 B144 2334 2384 2380 
' 4968 3475 7114 714 714 
ar 19459 B42R8 24595: 201595 24595 
Bo isn 2162 1349 1339 13359 | 
4974 1163 | 26627 26629 26629: 
1 4972 697 0 6 G; 
| gas 5342 24438 24388 5; 24.683 
mK eK KKK Rak Bok He KE : : 
§ | COL SUNS 121195 155653 
| | COL MEANS 4939293 $121.77 
COL RATIOS 1 1026779 
| 
| 00 YOU UTSH TO RUN A STATIGTICAL TEST ON THE MATRIX DATA CYSS OR HOI? y 
| TESTS AVAILASLES LINEA® REGOESSION (1) ¢ TTEST MITH RANDOM DATACZ) 6 ; 
ANO TTEST WITH PAIRED DATAC 3). eseTYPE CODE OF HESTIMED TEST (142 OF 34)? © 
a 


= 


SECTION 2. 


YFAR 
Va 
1945 
1944 
1947 
19453 
1949 
4954 
195) 
1952 
1953 
1954 
4955 
1956 
1957 
4953 
1959 
1945 
1951 
194? 
1953 
(198% 
1945 
49446 
19467 
1965 
1949 
1974 
1971 
1972 
1975 


DATA MEAS 


THE WALYS GF 
Fur LeAeNdeSa 
OF THE MEAY = 


FAR Osa iwe 
OF THE 4kAN = 


PH AGOLES ST 


LE 237492 JS 
FAFIVOV, THs 
eee pay 


tb Say tt es yy 


9191.77 AT fr Me 


Random Data t-Tests of Data Table in Section 1. 

- entire record, 1944 to 1973 

- years 194 to 196) (before check dam treatment) 
- years 1064 to 1973 (after treatment years) 


T-TFST DATS FILES 
LeAateSs Viper sy yee 
4? 44 bA2R 
1465 244 
&29 2025 
93? 4 
23® 4; 
14% a; 
4154 | 
Zr am 
74X77 13125 
7 431 Ay 
2559 R, 
4215 
2112 1420 
1458 4245 
aPm4 $825 
Za? a, 
1355 "41 
1774 2570 
14951 3367 
FRL9 4452 
1449 47431 
5%A9 A 
17114 1734? 
AAAS PRR 
AG74h 714 
See ee 24595 ° 
24162 4409 
T1434 2445279 
697 | 
35A2 2422 


BRR YE KEK*K KEK EAKKKE 


SS $121.77 


OYTPINT FOR T-TEST YTTH RANONYLIED BATA 


os 05749? 

THE STANDAQD NeEyVLATION = 5552,68 Ay? Tle 
1192.17 

THE STANDADD NEVIATION & 7947614 AND TH2 
145494 

A942 YEYVPATIAN Fy2 bLadeuet, &¢ iepseyape = 


G®eATE® TYAM THE T-FAALE VALE FID S58 DEGREES 
a A Be Ale A | Ae] Let ee Ss 
cD ae Mears ec Relea ace ge a ae MER WAR YE 


Tye 
TAs 


YR ES VS 
YAES Tobe 


STAIN ARH 


STAY IARI 


PRI 


EQ?AYD 


RUN AGAIN WITH VATA NOT ACCUMULATED CYES 9R NO)? YES 


T=TEST WITH VANDOMIZED DATA 


ENTES COLYIN HIMGE@S OF VARTARLFS TH AE COMPARED es 
THEY MUST RE SET ERY 7 AND 2 a 4.> 

WHICH YEARS TF VATA D9 yor WESH TO LINK AT ecee 
TYPE FIRST YEAS. LAST YEAR? 1946,1964 

EIS’ VATA CYES OF Ae UO 


DUT PIT FOR ToTesT WITH RANDOME ZED OATA 


THE VALUE OF T = ,33227 


FOR Lede aSe THF STANDAPD DEVIATION & 3149.45 AND THE STAYDARN ARROR 


OF THE "EAN = 4%7,7546 


FOR OYSSAORE THe STANCAGU DEYTATION = 4594445 AND TYE STANDAQD FRAN 


OF THe MEAN = 419314.85 


THE PANLED STAYGAARD DEVIATIONS FOR LaAeWeSe # OYNSINRE = 3934.8 


TF 38227 15 GOEATE® THAY THE T-TAALE yALHS FOR 43 DFG RES 
FREED 4, THE COMCLUSTOY TS THAT THE EAI VALUE VE LeAaasn 
PEPRESENTS A DLFERRENT Dnoyt ATION r4Ad DAES THE VES VALS 
DINSMORE OR 262565? AT THE SEGNTFICANCE LEVEL SELECTEL. 


BREE KE EERKEKRTEKE HAR RMA RAKES RK RE KEKE KES KOK EK 


ar 
Ve 
oF 


2421414 


- = ee ee 


To+TEST VAT VANIDIMIZED BATA 


ENTER COLUYN NUMBERS OF VARTABLFS TO BE CIMPAPFV ccc 
THEY NST RE BETUFEY FT AND 2 ?P 142 

WATCH YEARS OF DATA 590 YOY WISH TO LOOK AT ewes 
TYPE FIRST VEARg LAST YEAR? 19496441973 

LIST VATA CYES HARLAND? HO 


OUTPUT FOR T=TEST “ITH RANDOMIZED DATA 


THE VALUF OF T = 2819464 


a 


FUR LeAodeSe THE STANDARD DEVIATION 


1042742 AND THE STANDARD ERPIR 
OF THE 4EAQ = 3169429 


3 


FOR DYNS*ARE THE STANDAOD DEYVJATION 1158165 AND THES STAHDAPD ERRDR 


OF THE HEAR & 3554,29 


THE POOLED STANDARD DEVIATION FIR LeletoeSe & OUMNSHOVFE = 15456561 


IF «68193465 18 GREATER THAM TYE T-TA3ILE vAte FQO2 18 DEGREES OF 
FREEOOM, THE CONCLUSION tS THAT THE FAN VALUE DF Lerete Ga IWR 717742 
REPRESENTS A YIFFERENT POPYLATION THUAN DOES THE MEA VALUE OF 

DUNSY ORE OR 11474868 AT THe SIGNIFICANCE LEVEL SELECTED. 


ARE ES ROR ROR CORR RR ROK KE ROR AE GORA RK HO KE 


RYN AGAIN WITH DATA VOT ACCUMULATED CyES AR ad)? 


=a eee ee eee eee lL Le he 


SECTION 3. Paired Data t-Tests of Data Table in Section 1. 
- entire record 1944 to 1973 

years 1944 to 1964 

years 1964 to 1973 


1 


T-TEST WITH PATIED OATA 
ENT EQ COLUM MAMBEPS AF VARTARLES TO IE COMPARED se. 
THEY MUST SF SETWEEN 4 AUD 2 7 142 
uh I CH YRFARS DEF DATA O19 YOU vVISY TOA LODK AT cece’ 
TYPE FIAST YEAR. LAST Year? 1944,1973 
LIST HATA CYES OR HOY? NID 


ONTOUT FAR T-TEST WYITH PALRED DATA 


THE VALUE OF T = «769695 
THE STANOARD DEVIATION OF THE PALREN DATA = 7698.44 


THE STANDARD ERROR OF THE HFAN & 1445.54 


TF 6769595 TS SR EATER THAN THE T+TASLE VALUE FOR 29 DEGREES OF 
FREEOG, THE COYCLUSTON [6 THAT THE MEAN VALUE OF Lehatle$.1 92 4459.95 
REPRESENTS A DIFFEREYT POOHLATION THAD NOES THE MEAN VALUE OF 
BDYUNSMORE OR Sl2t0e? 7 AT THE SIGNTFICAYCE LEVEL SELECTED, 


HRS EK EK KPA HR KR KA REA EKEKKE AK HK ARKK KE ERAGE KEK A 


RUY AGALY WITH OATA NOT ACCUMULATED CYES 9° NO)? 


YES 


T=TFEST yITH DATRED DATA 
ENTER COLUMN NUMBERS ANF YVARPTASLES TO BE COMPAREDe ce 
THEY MUST BE SETYFEM 4 AND 2 Phi 2 
WAICH YEARS AF DATA DF) YOU wIShH TA LOBK ATeace 
TYPE FIRST YEAR, LAST YEAR? 1944,196% 
LIST DATA CYES 92 NN)? NO 


OUTPUT FOR T-TEST wITH PAIRED DATA 


THE VALUE OF T = 06453254 
TAE STAUDAR9D DEVIATION OF THE PALTRED DATA = 4695.55 


THE STANDAQ29D EQPOR OF THE MSCAN = 1424,65 


IF 0455254 [5 GREATER THAN PFHE T+TABRLE VWALNE FO? 2% VEGKEFS OF 


FREEDOM, THE COMCLISTOY 1S THAT THE 4EAM VALUE MF Leda oGe: 8 2421010 


REDPESENTS A STEFEL2 ENT POPULATION THAN DISS THR RAN YALU OF 
DINSMORE OR 2235257 AT THE SIGHIFICANCE LEyFEL SELECTED» 


MER A HK KKK ERK EKA KK ERR EK LER SERRA ERK E 


RUN AGATA WITH DATA VAT ACCUMNLATED CYES OR "!9)?2 


: 


| 


| 
i 
en eae 


T=TEST WITH PAIRED DATA 


ESTER COLUMN NUMBERS OF YVAPTABLES TO BE SOMPASED viele 
THEY “HST SE GETHEEN 1 AND 2 7? 402 

WHICH YEARS OF DATA SQ yoy WISH TAO LOOK ATeoees 
TYPE FIRST. YEAS, LAST YEAR? 1964,197% 

LIST DATA CYFS 9R NU)? NO 


ONTPUT FOR THiTEST ITH PAT2ED DATA 


THE VALUF OF T = 276417) 


THE STANDARD BDEYTATION OF THE PATREN DATA = 12535861 


o 


THE STANDARD ERRN2 QF THE HEAY = 3964.89 


TF 2976419 15 GREATER THAN THE T3=TASLE VALHE FOR & DEGREES IF 
FREEDOMe THE COMCLUSTAN Ts TAAT THE MEAN YALUE JF Lehalls Ba: 12 
REPPSSENTS A DJFFERENT POPULATION T4aae ONES THE SEAM YALE OF 
DUNSHORE OP T1448,3 AT THE STGHEET CANCE LEyEL SELECTED, 


MERKEKA ERK RACE KEKE EKER ER KR EK EK EEKE KER 


RUN AGATY WiTa le MOT ACCUMULATED CYES NR NOP NA 


OF YO! WISH TO RAN ANOTHER STATISTICAL TEST WITY THE DATA HOT ALCHMULAT =O 


2 49 
RUA AGAIN CYES 98 NAY? ND 


74 77 24 { 


eee eS oe 


YES SECTION 4. Linear Regression of Data Table as ‘follows: 


| e 
| 


LTE PEGCRESSTION VATA FILES 


| YAR XFL woh ewaSa YEVGUSMA I 
1044 4.934 G&A D4 7 
1948 Safe 8549 
1946 Ah26 $142 
me 1947 7413 S45? 
194% (741 8142 
194 7549 3142? 
| W5e ' $443 245? 
TJ) 1 S527 - 2462? 
195 2. 15514 24287 
| 1733 14745 PART 
1954 14234 ra a 
. 1955 25154 oleae 
| 1254 2216? 22698 
1957 24920 26934 
1753 24474 32505 
| 1? 9% 27 97% $2556 
Tyr’ Sa 7s 32564 
19014 42594 BAAS 
™ 1302 46545 32543 
| 1945S LIUDL L44AS 
195% PEAS XS 74 
= 490% 54242 HA594 
J 1756 54526 77245 
iv67 14472 RES 
179% 775428 $4532 
BE: 459 3 117224 1944297 
978 113994 14479 34 
1971 445159 129 b5 
19fe 415854 1227545 
J W973 121193 153583 


REGIESSTAY ANV CooamkELATIOW yupeup 


WHE AVERAGE VALINE Of X TS AZas2,7 

THE AVE2AGE VAL YB NE ¥ IS 44571% 64 

TRE SIAVIAGY CBYTATION OF X TS 349424% | 
fe STANIAGD Dey(aATIAY oF ¥ 16 4224347 : 
THE COPRELATIOWN CoRRREIOC LENT AF Tukey y AND y TS ea ake 


REGPESSTON EQUATION 
Y - 541.1550 + 1,54465A x ¥ 


TORTI Ri eCeel Ye Tte. wat Tar low 1 ey LS ACCOUNTS FOP AY Ween Tate es 


She beware epee pa erwe epee aA Rr KER KM Pp KEK RwhRE KEES 


] 1 , 
| 


| 
| 
| 
| 
| 
| 


woe SUALE AL EA DATA S86 C-bagtATe-) Cvs aR Wd? Yes 


SS Se ee ee ee ee ee ee 


LIytArm Reve eSsrael 


Cabs a® CALIty “Ase rzg OF Key VAPTASLES RESPECTIVELY. ce 
THEY AIST se wt Tuned 1 AND 2 2 Ve 

WHLGH YEARS UF PATA CO Yu Ish TO LAW ATeses 

TY?F FIRST YAM LAST VFAR2 1944 21272 

CISF DATA CYES 98% 99)? NOD 


REGRESSTIAN AND COPRELATION ONT ONT 


(HE AVERAGE VALUE OF X 18 APR 
TAS AvePAGe VALUE QF ¥ TS ie545.5 
THE STANDARD DEVIATION OF X FES 46457261 
THE STAYOALD DEVIATION SF oY TS S77 46 4? 


THE CORRELATION COFFFICLE YT 3F& TWEEN X AND ¥Y 5 


REGHESSLON EF OUaTIOv 


Y= VW9%e4b + 1eF1S7S fk YX 


7 e854  PEICENT OF TAR VARTATION Ty y TS achayits> Fas 


KAR OUCAKRERKEREH ERK RE KR EMA KR RT KR ECE KE KEKE KEE B 


RYN BGALTN wl) TH VATA ACE a ILATED CyYES DR Ya)? 


fy Y 


alder 74% oa) 


MEASUR LAG 


Ls 


vane 


LUSHEAR REGRESSTON 


ENTER COLUMN MydHh Re OF Yay VASTAHLES RESPECTIVELY eee 
THEY A057 82 aeful ed 4 -ANe 2 2 dae 

AALCH YEAIZ TF IATA IN YOU yISH TE LAVK ATeaee 

TYPE CLHST -YFARs EAST  YPANP (eee ag IVT 4 

LIST DATA CYf$ G2 NO)? NO 


PEGAESSINY 41D CIRAELATION AUT ONT 


TN AVEZASE VALE GE xX TS oe Re rae 
Td& Ave RAS] VALUE OF ¥ T5 IGOR 42 Sa 
WE STANOAIN VEVTATION OF xX TS 3425305 


$4 & <4 + e %, 


THE SFAXYARD DEeyTATTIOy OF ¥ TS 

VHE CHQVELATION COSFELCIesf AGTYSES Xk AWW ¥ 1S 
HEGIESST IN SQHAT Ee 

YR 2154659 4 259494 & YX 

9752424 PERCE IT OF THe YAPTATIO¥N Lay 13 ACCIINTED FOR BY 


ERR RE REAR EKER EK EEK RRR ELEE EKER KR OK EER EKER 


ROY AGALTH GQLTd GAPA ACT IMULATESD Cyesg de Ad)? 


e945) iia) 


HEA SUA Tic 


he 


=, Oy \_ *, , he -, oo, aa ‘can | iets aaa — 


< 
bam) 
ve) 


LIvfaw SEGRE 5GTON 


EsTeer COLG PIPLRS DP YaY WARTAASLES RESOLCTIVEL Yess 
THEY AIST 2H teTutely Fay 2? ae ere 

Wafed Yeraes Gk YATA 9D YOU YtS4 TI LAK ATeses 

TYP FIRST YEAR LAST YEAR? 1944 619'74 

LIST PATA Cye$'9R 49)2 ND 


REGRESSTIY AND CORPELATIOYN AuTRNT 


THe AVZAAGT VALE AE X 1S Z47%e0y 
Se AU eh ee VALS. ke YTS 399506 
THE STAHUAPD SEV EATTOA OF 4 TS S13e bet 
Pls STA GUAR) VE VLAT IA oe 4: Ts SIVST.D 


Tite CAeRELAT IO COFFEICLE UT AETWFEY yo aw y Ts 


RECPESST Gy 2QUATIIN 
ys Sixss.9f + eta LAI mY 


YPa2G55 PERCE IT OF TIS yAVLaTIgn Ta y £S ACcauNTey Fae ey 


AHEM RRA KARA HEA RAM RES ee RR ERK ERKE RE RPE 


RUN AGAIN HTT DATA SCC UML ATEO (1° 5S GR WD)? 


a eee ie ae 


MOEASUR Tg 


Vv 


Eee ete 


LIVER? PESRESE LG 


EAP GrR Colo adpwsORs We LaY YAVPTASLES RESPECTIVELY > ce 
THE “OST SE OS (Gres TANS) 2 Ver 

Yylbeow VYRARS OF LATA OF Yor HIS To b WK ATece> 

TyPR FIRST YAaAn, LAST Yr 427 1946,1474° 

LIsf DATA CYyRS 88 Yn)? yd 


REGIESSTOS ayv Oger Aloe WyPPuT 


Tite AVERVaE Yalele “Jee 1S $15457¢4 

THE 427 seGn VaLS Ne YY TS $5434%64 

THF STANvVARD URYVTATI DI Fr y 75 2¢5 90a 

Pde SFAseaRy OrAIAT IAG OF Y 15 CP arke 

Pde CHRRELATION CdR EFIOCLENT Serica xX ano YY 15 24> 2 


BEGYESS TO FVIAT To" 
Y += P%rae61 4 ,YRKPDI *& YX 


fs 4n24 PEQCETT OF THE VARPTATION Tw ¥Y Ts ACCQUITED Engg Ay ABASYRING Y. 


RHEKA LE KEM ARAL EAR EKER AK KER Pk RE KEE KK 


QU AGATA NITA DATA ACCUMILATED CYES OR NOD? 


Yes 


LIVEAR REGRESSION 


ENTER Culumay Wp 446eS OF vay YARTASLES RESPECTIVEL Vettes 
THEY MUST 8E BETWEEN 41 ANOS 


PS Vy 


WHICH YtARS OF BATA DQ YOY WISH TO LOOK AT oeen 


TYPE FIRST YEARe. LAST YE 


LUST DATA CYES OF NADI? UN 


REGRESSTAY 


THE AVERAGE VALINE OF x IS 2R4 31148 

THE AVEQAGE yale OF ¥ IS 347 54.9 fee 

THE STARNDAQD DFVIATION OF XY IS PAPAL? AM 
THE STAUDARD DEVIATIAN WF yy IS 24195, 86° 


AR? 4944 61968 


AND CHRRELATION ONTPHUT 


THE CORRELATING COEFFICTET SETWREN XY AND ¥ TS 


REGPESSTON FATT" 


P3659 


Y= 720 .AY3 & 1455441 « Xx 
9743359 DEQCEIT OF TRE VASLTATIOM IN Y TS ACCOUNTED FQR By MEASIWING Kai 


ELEREE EK KE KCAL KEE KEKE CEKK KEKE ERE TA KRAK KEKE 


QU AGAIN YITY DATA ACT yMALATEY Cy¥Ss AR NN)? 


ba ee A A 


| 


YES 


LTHEFAX PERRESSTIN 


EXTER COLUMN NUAHERS OF Xe¥Y VARTABLES RE SPECTIVEL Yeas 
THEY “UST HE NETHEEN 1 ABA 2 ? 4,2 

WHICH YEARS GF OATA BOO YUE YTSH TO LOADK AT eo coe 

TYPE FLUST YS FISS4y 4a? 1944, 1947 

LEST DATA CYES NF HN)? 4A 


QEGRESSTOH AND COAPELATION AYTIIT 


THE AVERAGE. VALUE OF Y IS PALATE 

PAR AVSRAGE VOLE OF Y 3S 2465549 

THE “STAdaNl OE WTATION AE SY 7s PABS? LDS 

THE STWR) Oey TATEAY OF y os aw ee Wey f 

THE CORQELATIOY CORFFICIEYVY BETNEeN ¥Y AND Y IS * a FST Re 


PEGhPESSTOS EVMAT LIAN 
Y = $35.28 + 4.44296 e YX 


9667465 OLRCEMT OF THE YAOTATIOM LN Y TS ACCONITFO Fae Bv MEASHAT IG 


KR ERE RK ERE KREME EL EEE KEE RE RER EER KEKE KKK KK 


24 AGATA wlf4 DATA ACC HHULATED CYES AQ ND)? 


| 
| 


Lyd: AP REGEESSTINY 


ENTE? COLUSY ANMRERS OF XeV VARTARLES RESPECTIVEL Ya oe 


THEY MUST e822 BETVEEY TOANO- 2 P Tye 

HATCI YeARrsS a DATA OD Yael ul SY FA LOOK AT swe 
TYPE FIRST YEARe PAST YEAR? 1944,1956 

LIST DATA CYES 98 NOP No 


RESQESSTIOY AND CORRELATION OUTOUT 


THE AVERAGE VALINE OF X¥ TS P4542,9 

THe AvFadGe VALE AF y 7S 2§442,1 

THe STANDARD OF YTATIANG OF ¥ TS 183? 
THE STANDASY NeyTATIGs 0 yy 15 198176 
THE CUBPELATIG’N COFFFICLTEUP 8A ryEFN vy ayo y Is 


REGRESSIAN Banat (tay 


Y= HO4,2545 + #%4,45771 *« Y 


95.744 PERCENT OF TYE VASLATION IN ¥Y TS ACCOUNTED 


FOR 


BRE EEER RC EEKAKEKEKA KER EK EEA ERE RKEKR HATA KEK 


RYN AGAIN WITH DATA ACCIANLATEY “(VES AR NA)? 


NTYES 


LINEAR SPF RQESSINN 


ENTER COLUMN HuMBE 2S OF VeY VARLARLES SR SPECTIVELY oes 
TAPY VIS) BE GeiuSeeW 1 440-2 2 Fy? 

WHICH YEARS DE NATTA DQ Yu WISH TA LIDX GT. wee 

TYPS FIRST YEAR, LAST YEAR? 1944,19605 

LIST DATA CYES 92 49)? YO 


RPEGRESSTON AND CIP®RFELATION AYTOUT 


THE AVEPAGE VALE OF Y 18 2IKAGESG 

THE AVERAGE VALUE OF Y <IS 2457463 

THE STAYHAR) VUnrvIATION JF Y TS 16251, 4 

THE STAOARD OFVEATO IV VE ¥ Ts 1ars75% 

THE COMSELATIDN CQOEFRICEENT AETWRES K ANO Y TS eG74 ASN 


REGRESSTON Eanapriray 
Y= 684,77 + 7.,.6%137% & ¥ 


9Ge874) PEICENT OF THR YVASTATION Ll Y¥Y TS ACCOYNTEOD FAR PY WEASURT HG X. 


KHAKKEEKRERRER EK EK EERE EAE RREKKRKEL EMRE KAK 


RUM AGAIN wETH DATA ACCUMILATED CYFS 97 WO)? 


Yes 


LINEA REGRESSTAN 


EXTER COLUMY NYNSERS OF Key VARTAGLES RESPECTIVELY s. 
THEY SUS) Se SETHEEN 7 450 2 +? 4a? 

AHICH YSARS OF DATA OO YO! WISN TA LAK ATuses 

TYPE FIRST YEAR. LAST VEAR? 194441764 

LIST DATA CYES 99 ND). HO 


REGRESSTON ANYD CNROELATION ONTeUT 


THE AVERAGE VALE OF yy TS 2343 27er 


TAP AVERAGE YALE OF ¥OLS 29337 0? 
THE STANDARD DEVYIATIO AF x TS 44754,4 
THE STANDAQ) NeEyIATOoy 2f ¥ 19 440414 


THES CORRELAYIDA COSFRICTEnyT SETuses x AND ¥ TS 0 fF 84499: 


PESIESSTON ENYATION 


Y = 1933.32 # ,979%23 €Y 


KRKAPK eK EEEEE EKER KR EKRK EKER EKKK EKER KKK E 


RUN AGADTY VEITH DATA AL CUNULATED CYFS 92 NA)? 


336 459% PERCSAUT OF THE vASTATION T% y 15 ASEH TED FAD by AEASTIOTAIG Xe) 


YES 


LINEAR REGRESSIONN 


FUTE2 COLUUN NUE ERS OF veY VARTARLES RESOECTIVELY eee 
THEY MUST BE BSETWEEY 1 AND 2 P 442? 

WHICY YEARS NF DATA OF YON YISH TO LOANK ATasae 

TYPE FIRST YEAH, LAST YEAR? 1904 19°73 

LIST MATA CYES ne N49)? . 


REGRESSION AND CHRRELA TIAN QNTPUT 


The AVERAGE VALUS QE XK 1§ 943 4%3,8 

TUS AVERAGE VALUE GF y 15 97732.6 

THe STAN DAY) DEVIATILAN GF XxX IS 2733.8 

THE STANUARD OEYVIATIO'N AF y 18 31494565 

THE CORRELATION COEFFICIENT SFTUEEN ¥ AMD ¥ IS 0 F178? 


REGRESSION FANUATION 


Y= B445a7f +: 1443977 *€ X 


$4.2436 PERCENT OF THE VARTATION TH y £5 ACCUUINTED FOP av MEASHQ ING X. 


REE HP RKEEMEETEKRKAR EWE EEK EK EEK KER HK KR KH 


RIM AGAIY WITH DATA ACCYMYLATED CyYTS PND)? HO 
00 


~ 


= a a 
’ ' 


-~ 


_ = 


_” ”~ 
' if 


c. ° 7 


a 


A 


. 
~ 7 ai - ‘ eee 


__ i __. Fae. 


ees 


OAM JO 
vu~di 


eae 


O4N 9 


On d2 


REY 


Can 14 


Oy ras 


aee 


vA 10 


0 J*4% 


DEGRIS VAM STORAGE DETERMINATIONS 
COS ANLELES YVATERSHED 
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APPENDIX 4 


RESEARCH DATA 


Section 1 - Resume of Dry Creep Study 
Research Note No. 171, November 1960 


Section 2 =— Paper No. 12 
Seasonal Debris Movement from Steep 
Mountain Slopes in Southern California 


Section 3 - Emergency Measures After a Fire 
(the 37% rule of thumb document) 


Section  - List of 91 Basins in L.A.W.S., with 
back up data for each basin 
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RESUME OF DRY CREEP STUDY... 
THE GREATEST AMOUNT OF DRY CREEP IS ON THE SOUTH FACING UNDERCUT 
DLOPES ; 
89% OF ALL PREFIRE DEBRIS CAME FROM DRY SEASON PRODUCTION. 
91% OF POST FIRE DEBRIS WAS DRY CREEP. 
WET SEASON DEBRIS JS RELATED MORE TO STORM INTENSITY THAN TO 
TOTAL PRECIP. THIS MEANS THAT AS LONG AS THE STORM INTENSITY 
DOES NOT See THE CAPACITY OF THE SOIL TO ABSORB, THE WATER 
ACTUALLY INCREASES THE COHESION OF SOIL PARTICLES AND THERE IS 
A DECREASE IN a MOVEMENT. 


PIRECINCREASES THE DRY CREEP. 


PRE-FIRE POST. FIRE 
SITE _|[X-TON/AWR | CU.YD/AWWR _|CY/MIYY |__X-T/AW_|CY/AWR | CY/MI/VR 
3 296 1.80 1,152 10.20 6.80 | 4,352 
4 1.65 1.10 704 28.95 19.30 | 12,352 
5 2.88 1.92 1.999 24.19 16.13 | 10,323 
X-All 2.69 1.78 | 1,146 24.67 16.45 | 10,528 


THIS TABLE IS THE OVERLAND DRY CREEP INTO CHANNELS, AND DOES NOT 
REPLECT THE AMOUNT THAT WOULD BE PRODUCED FROM A BURNED WATER- 
SHED AFTER A FIRE. THE POST FIRE DEBRIS PRODUCTION WILL INCLUDE: 


1, ALL CHANNEL STORAGE 

2. SIDE SLOPE STORAGE THAT UNDERCUT AND SLUFFED OFF. 
3. DRY CREEP FOR THE TIME INTERVAL BETWEEN THE FIRE AND THE FLOOD. 
4, LAND SLIPS AND SLIDES TRIGGERED BY SATURATION, ETC. 


THE ANNUAL SEDIMENT PRODUCTION IS SOMEWHERE BETWEEN THE PRE- 
PIRE AND POST-FIRE RATE, DUE TO TEMPORARY SLOPE STORAGE. 
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P.S.W. Research Note No. 171 , 11/60, Erosion From Mountain Side Slopes After 
Fire In Southern California By jeSe Krammes. 


‘Paper No. 12 Fed. Interagancy Sed. Conf. 1963 - U.S.D.A. Misc. Pub. 970, 


Pepe 85 ~- 89, 1965 Seasonal Debris Movement From Steep Mountainside Slopes 
In Southern CaLifornia 


Both papers are in work file 


r 


ia > —— a a 
‘aa el rl rl rl - aa al — r an 


2 
ka 


FOREST SERVICE - U. S. Deer NY OF AGRICULTURE 


We tify VME, SUMMON Wy Witty, MILL LL fb LULL he, 
my 8 GeaA % 
PACIFIC SOUTHWEST com a eau Ne A 
i) =e Ag n> rs) At m= om “i ta hey Nt . t a =) Y 
FOREST AND ANGE ZN GS RAND Ame ACAI Ss ees 
ss a t Ae ALT ST Ae Pp, Yu y , : 
EXPERIMENT STATION = Ya77 NG ove ily 
WAY LE LE pao ieee “ 
es a a Y Yi y % He 
BERKELEY CALIFORNIA YF ail NY Naa Lio 
Yy yy YY, WH Wy pW Lidl 
YY yYYHL Whee 
Nos 271: November 1960 


EROSION FROM MOUNTAIN SIDE SLOPES 
AFTER FIRE IN SOUTHERN CALIFORNIA 


By 


Jay S. Krammes, Research Forester 


The night of July 21, 1960 was a hectic one for firefighters 
setting backfires along the Glendora Mountain Road in a desperate effort 
to check the Johnstone Fire on the San Dimas Experimental Forest. What 
made the job so hectic? Not the fire, but dangerous, active erosion. 
The men had to be continually alert ns dodge large rocks rolling dow- 
slope only seconds after the fire passed. 


These men were witnessing how fast and furiously erosion begins 
after a southern California brush fire. Less than a week after the 
Johnstone Fire, so much soil material had moved down the denuded slopes 
that debris cones often blocked roads and trails (fig. 1). 


In ‘most areas, surface runoff of rainfall is the main cause of 
soil erosion. In the rugged San Gabriel Mountains, however, we are 
faced with a two-fold erosion problem: winter scour from surface run- 
off plus "dry creep" from steep side slopes during the summer. if 
Fire's destruction of the plant cover greatly accelerates these processes. 
Until recently no one had a good opportunity to measure dry creep follow- 
ing a fire, but the Woodwardia Fire provided the opportunity when it 
swept over an established erosion study area in the mountains above Los 
Angeles during October 1959. 


1/7 Anderson, H. W., G. B. Coleman, and P. W. Zinke. Summer 


slides and winter scour...dry-wet erosion in southern California rmoun- 
tains. U. S. Forest Serv., Pacific Southwest Forest and Range Expt. 
Stas; Tech. Paper 36, 12 pp-, illus. July 1959. 
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Figure 1.--Road blocked by slide one week after the Johnstone Fire 
on the San Dimas Experimental Forest. ze 


Anderson, Coleman, and Zinke had found that under long unburned 
conditions dry-season debris movement exceeded wet-season movement on most 
of the study sites. 2/ Their report covered a 5-year period; 4 years of 
below normal rainfall and 1 year of above average reinrall. This report 
gives data for an additional 2 years, the second of which followed the 
Woodwardia Fire, and shows the tremendous acceleration of soil movement 
from a fire-denuded area. 


Field Procedures 


Half-round steel troughs connected to the original soil surface 
by @ concrete apron were used to catch the debris moving downslope (fig. 2). 
Wooden baffles installed at two of the sites to catch bouncing rocks were 
destroyed by the fire. Consequently, a portion of the first measurements 
following the burn had to be estimated. Later measurements proved the 
estimates to be rather conservative. Otherwise, material caught in each 
trough was removed and weighed, corrected for moisture, and sampled for 
organic matter and rock content. Troughs along the contour of the slopes 
ranged in length from 10 to 431 feet. 


2/ Anderson, Coleman, and Zinke, op. cit. 
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Figure 2.--Debris trough at Falls Canyon. Collector trough filled 
with debris from dry season movement. Foot trail below the trough 
has eroded away since the fire. 


Debris production rates for the year before the fire showed 
generally the same trend as published in the 1959 report. 3/ The steep 
south rejuvenated slopes 4/ were again the greatest producers. Precipita- 
tion during the 1958-59 season was 70 percent of normal. Only one storm 
caused any appreciable wet-season movement, and the rate of debris movement 
was about the same as previously reported. 


On October 13, 1959, the Woodwardia Fire burned four erosion 
measurement sites in the Arroyo Seco drainege. Immediately after the fire 
dry creep changed to rapid dry sliding. Although debris movement varied 
widely, all sites showed a marked increase in dry-season movement. 


The first two measurements after the fire showed that side slope 
erosion had increased at all sites (table 1). The steep south rejuvenated 


37° Anders son, Coleman, and Zinke, op. cit. 

L/ Re juvenated slopes are the Steen slopes flanking stream 
channels in which renewed channel downcutting has removed the toe of the 
slope creating an unstable condition and active erosion is taking place. 


‘slopes were still by far the greatest producers, with a 10-fold increase 
over an already high pre-fire rate (fig. 3). Total annual production from 
the south-facing Lower Brown sites was 24.7 tons per acres.OL Waieéh. 21,9 
tons per acre (89 percent) of the soil movement came from dry sliding 
during the first 88 days after the fire. 


Table 1.--Seasonal debris movement, south rejuvenated slopes 


: .Lower Brown : Lower Brown : Lower Brown : Lower Brown 


Season ember: Site III : Site AV = Site V Sr Lyi, 
; OF v2 Dry. Wet. s. Dry = Meu. ¢ Dry <¢ -Wet.c2 Dry 2 Weu 
From :To (inc. ): days : season: season: season: season:season:season: season:season 
LOnS- per: acre Vons per ecre Tons ‘per ace Tons ter ecre 
Five years before fire 6.10 19.330 53083 bv 568- 25.671 2s907 - 9601 2.100 
4/16/58 12/11/58 238 79 -- SUG -- #223 + 482 -- 
12/12/58 3/5/59 620 +e 1.667 -- 1.276 =- e355 -- = -1.809 
3/6/59 ~~ 6/23/59 417. By ae “050 . “se | ar 076. == 
Total pre-fire 6.740 12.998 6.539 5.84 15.928 6.262 10.161 9.989 
*~ Tons/Acre/Season sy 86 82 83 1.99 89 1.27 eke 
Tons/Acre/Year 246 1.65 2.88 2.69 
Ai ter tire ; . 
6/25/59 1/8/60 167 W509, 070 =e Y95.070 ee VW ¢8.970 -- 62.510 -- 
1/9/60 3/21/60 100 ee 5.150 -- 26.5 -- 1.620 -- 5.458 
3/22/60 5/23/60 62 “ac798 =e 4.005. -- 1377 = 3.2/6" == 
Total post-fire 221800 = 52150-86007: <6. 5LE 70.47 .4.620- 65.706 5.558 
Tons/Acre/Season 7.62 2.58 28.69 3,26 23,38 AOL.» 215903 2.44 
Tons/Acre/Year 10.20 28.95 24.19 24.67 


1/ Portion of catch estimated because of fire damage to trough instalila- 
tions. 


2/ High rate caused by a large limb falling in the chute. 


ee 


ar ee OO Oo ooo Sa oa OU hCUlhCU COU Ce 
| 1 om rr ee ee ee oe | he 


‘OITA BEPIVMPOOM 34 194jJ3 pue arTOjeq UoTAyonpoid sTaqep uoseas-qyom pue AIG --°€ san3TA 


{D}O} DALO]NWIND 
4DdA-G SNOIAaid 


Oo 
o 
o 
>) 
Ve) 
o 


, 8S6l | 
ON IN NN Oe ey 


NOANVO NMOYG YsddN 


a9) 


| 
° 
Tt 


0 enn) Smee) © 6 © © 6 Oe 0.0 © Cm 
SadO|S papOUusAn{ds-uOU ‘YLJON 
NOANVO S.11V4 


fe) 


Pinna a ae eo 
Qeeee sed 


oe . 


ON m~ oO WO 
(e42D/uU0,) uoNINpoOld Sluigap AANOINWND 


Sadojs payousanf{fas ‘yjnos 
NOANVSD NMOYE Y3SMO1 OS 


| ; | uosoas joa ? 

: t NM ecsc0eoe5e OL 

we cotee 0 uosoas Aig O08 
0 ams) 0 @ © O06 


>» ~~ ~ ™ ™ ™ ™ = én - - . “a , “ , a , 


North rejuvenated slopes showed a post-burn rate of 4.3 tons per 
acre per year--an increase to about 17 times the unburned average (table 2). 
Dry-season movement amounted to 3.9 tons per acre or nearly 91 percent of 
total. Debris production from north non-rejuvenated sites increased 16 
times (table 3). The sraliest increase of only 4-fold occurred at the south 
non-re juvenated site, Upver Brown, where surface rock outcrops served to 
stabilize the slope somewhat. 


‘Precipitation during the 1959-60 rainy season was 59 percent of 
normal; consequently post-fire wet-season movement was small. 


Table 2.--Seasonal debris rovement, north rejuvenated sloves 


Lower Brown Lower Brown 


en ee Number pive 1 site IT 
: i or : Dry : Wet : Dry : Wet 
. From : To (ane...) 94 days season se2son season : season 
a Tons per acre Tons per acre 
, Five years before fire .660 : 642, «675 uk 
| 4/16/58 12/11/58 238 142 -- 092 a 
2/12/58 3/5/59 82 we 088 = «130 
pe 3/6/59 6/23/59 1 .030 = .038 = 
4 Total pre-fire ~ 838 © 730 «805 674 
Tons/Acre/Season ‘lh “5 pg) Pak 
- Tons/Acre/Year = -eO6 .26 
. Aiter Tire 
6/25/59 1/8/60 167 12.299 = 9.926 -- 
1/9/60 3/21/60 100 -- 983 -- 458 
3/22/60 5/23/60 62 TEL ~~ -719 -- 
S Total post-fire 13.040 .983 10.645 458 
a Tons/Acre/Season 4235 49 3555 -e3 
Tons/Acre/Year 4. Gh 3.78 
6- 
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Summary and Conclusions 


How much is dry creep erosion increased after the native plant 
cover is destroyed? Side slope erosion directly related to the Woodwardia 
Fire ranged. from 2.2 to 24.7 tons per acre the first year after the fire. 
South slopes flanking rejuvenated stream channels yielded the most debris, 
10 times the pre-burn rate. Nearly 89 percent of the eroded material 
came during the dry season. . 


Table 3.--Seasonal debris movement, nonrejuvenated slopes 


:Number:Singing Sprirgsrging Springs : Upper Brown Falis 
season +. OL POULT 2 Yorth 2. south : Naeth 
From. 7 To (ine.}; days ‘Dry ¢. Wet. : Dry 3 Wet..:° Duy 2 Wet: Dry 2 View 


Tons per acre Tons pex acre Tons per acre Tons per ecre 


Five years before fire 5518 35003. - 4 516:" '451%° 2.405. 1/500 2.103) .685 
4/16/58 12/11/58 138 .102 -- 066. +5 373 ce es (25) we 
12/12/58 1/15/59 340 «7k =e ano es -- 20320 == 028 
1/16/59 3/5/59 4B we 2323000 = 196 -- 3061, *- == - 020 
3/5/59 6/24/59 112.017. =- S017 -- OW ~~ Ou Se 
Total pre-fire 1.22 1.326 ~ 743 S1Ot: 20522 2593 s 268 =. 733 
Tons/Acre/Season 1130.22 —”:—«w OB .12 233-483 .16 =. 10 
Tons/Acre/Year 35 -  ,20 455 26 


Arter fire 


6/25/59 12/10/59 167 -- -- “+ -- 1.846 -- 4.519 == 

12/11/59 3/21/60 100 -- -- -- -- -- 3.067 -- 4.053 

3/22/60 5/23/60 620 -- ee -~ -- C85 -- 1.618 -- 
Total post-fire ‘reese a ce 1.931 3,067 ~ 6.137 4.053 
Tons/Acre/Season <= Ga. «= Be = 604 2,53 2,05. “2502 
Tons/Acre/Year eo ee a. _ 2.17 1.08 
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Other study sites showed similar large increases of 4 to 17 times 
the pre-fire rates. Dry-season debris movement exceeded wet-season move- 
ment at all but one of the study sites. However, precipitation during the 
period of measurement was below normal, and the few gentle rains gave 
cohesion to the soil rather than winter scour. 


The absence of appreciable winter scour in the first year after 
the burn does not necessarily decrease debris hazard. The eroded debris 
remains poised in the stream channels until high flows at some later date 
carry it destructively to the valley below (fig. 4). 
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Figure }.--Lower Brown Canyon. Eroded material perched in 
the channel bottom which will eventually be flushed from 
the channel and deposited in debris basins, reservoirs, 
and property in the valley below. 
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SEASONAL DEBRIS MOVEMENT FROM STEEP 
a MOUNTAINSIDE SLOPES IN SOUTHERN CALIFORNIA 


SYMPOSIUM 1.—LAND EROSION AND CONTROL 


{Paper No. 12] 
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Most peop! e become coneerned about flood- 


norne debris only when it causes property dam- 
B: or is Appociten in reservoirs. Much of tne 

ebris is scoured from stream channels, where 
it accumulates as the product of side-slope ero- 

sion. The interest in debris movement down 
ss ontain slopes, then, stems from food and 

leuris control problems downstream. Though 
* debris produced during storm runoff is often 

the most spectacular, dry-season debris move- 
Ben is an important part of tne erosion in the 

San Gabriel Mountains. This paper report is a 
comparative study of dry- and wet-season de- 
pris movement in these steep, unstable waicr- 
sheds. 
A study in the Los Ameeles River Watershed 
»y Retzer and others? showed the sources and 
brocesses of debris movement. They mapped 
he sources of debris and determined the impor- 
ant source areas, In approximate pone 
széer, to be (1) streambanks and sl opes re- 
juvenated by undercutting; (2) slopes with 
south exposures; (3) very steep slopes; (4) 
fault zones and steep fault faces; and (5) deep 
rolluvial-alluvial deposits on slopes where un- 
ut by roads or streams.” 


je active agents of erosion were observed 
to pe gravity, water, wind, and the daily freeze- 
sha 2w cycle, the latter occurring primarily at 
igh eleva tions, These agents can act alone, but 
hey commonly work together, especially water 
and gravity. 
Erosion took place mainly as granular move- 
nent on the surface rather than as deep-seated 
ovements of soil masses. Granular debris 
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moved as dry creep and as slope wash. Both of 


1ese processes were active over the entire study 
rea. About 90 percent of the area mapped was 
fected by dry creep movement to some degree. 
, Dry creep movement is not found in most 
a ions. It requires steep slopes with dry, loose 
VKETZER, J and others. PRELIMINARY REPORT, 
ORIGIN AND 0% AB ee OF SEDIMENTS IN THE LOS ANGELES 
BIVER WATERSHDD, CALIFORNIA. U.S, Forest Service. 
D3 pp., 1952. [Typed] 
3 ANDERSON, H. W., CoLteMAN, G, Et and ZINKE, P. J. 
pues SLIDES AND WINTER SCOUR. . . DRY-WE? EROSION 
THERN CALIFORNIA MOUNTS U.S. Forest Serv. 
hwest Forest and R Expt. Sta. Tech. 


Out 
12 pp. illus. 1959. 


enated slopes are the steep slopes flanking 
etrbars a sin which renewed channel downeutting 
3 removed the toe of the slope, creating an unstabie 
adition w 


. 


INS. 
ange 


Where active crosion is taking place. 


y JAY S, KramMMeEs, research forester, Pacific Southwest Forest aid Range Experiment Station, Forest Service, 
Glendora, Calif. 


material on the surface. The dry slide material 
ranges in size from las rger rocks to fine soil 
particles. When the s lopes are vegetated, some 


of the dry creep material is detained behind 
rocxs, stumps, and brush. Other materia! not 


detained continues to move downslope and col- 


lect as cones in channels. 


The slopes of tne San Gabriel Mountains 
maintain a precarious equilibrium. The aver- 


age slope of the land is more than 65 percent, 
or above angle or repose for unconsolidated 
soil materials. Downslope movement may be 
triggered by slight disturbances: movement of 


animals, the wind, or earth tremors. 


+} 
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Surface Debris Movement Study 


A study was started in 1953 to determine the 
cause (gravity or water), rates, and amounts 
of debris moving downslope and into channels.? 


Study Sites 
Nine study sites were located in the Los An- 
geles River Watershed. Five of these sites are 
on rejuvenated slopes.* The other four sites are 
on slopes not affected by rejuvenation (table 1). 


TABLE 1.—Characteristics of debris movement 
Study sites 


Location | | | Cover |Avcrage 

{name and No.) Slope condition ¢Aspect} Area | censity | stupa 
Lower Brown | Acres | Percent | Percent 

—site l...... Rejuvenated.}| NE.| 3.45 95 {| 70 
Lower Brown | 

==SNO Bieta cie| ones cans NE.| 3.36 95 | 70 
Lower Grown | | 

—site 3......J..... dO: /2 4 |SE..!  .72 65 90 
Lower Brown | 

—site 4......$..... do..... | SE, | 1.45 65 $0 
Lower Brown | 

—site 5.....0/..... Or 2 as SE..} 384! 65 90 
Upper Brown | Non- | 

—site 6...... Tejuvenated.; SW .68 | 95; 50 
Falls Canyon | 

—site 7.0... 4.000. dO. s.4 NE.| 1.3; 99 60 
Singing Spring S| | | 

==SIt0 Bic. sishaddne & don52% SW.| 1.30 | 65 | 60 
Singing Springs | 

—site 9...... do...) NE.| 168) 831 55 
Study sites were located on gencra!ly north- or 
south-facing slopes that were undisturbed by 
fire or road building. The experimental sites 
were chosen in a sin cle rock type — the Wilson 


Diorite, which underles about one-third or the 
San Gabriel Mountains. The soils are character- 


: 


ee oe Oe Oe 


§5 - MISCELLANEOUS PUBLICATION 970, U.S. DEPARTMENT OF AGRICULTURE 


istically shallow, coarse-textured, noncohesive, under long unburned conditions. They found 

and very erodible. that the greatest source of debris was Trorn the 

; south-facing rejuven ated slopes. These sit 

Measurement of Debris yielded an average of 3.56 tons per acre pe 

Debris moving downslope is caugr.t in trouchs year — 5 to 10 times the average on other sites. 

that are connected to the original soil surface Debris movement during aa. dry season ex- 

by a concrete apron. The tro oughs are built on ceed wet-season movement at most of the study 

the contour from a point of a ridge across a sites. Even under unburned conditions, at least 

segment oz the siope and end near a drainage 0.2 ton per acre per year was measured ai ail 
channel. Trougns are placed across erosion study sites. 


Lis | 


chutes‘ at the rejuvenated slope study sites. Rainfall during the first 4 vears of the study 

Catcnment troughs range in length from 10 to was 77 percent of normal. The fifth year’s pré- 

431 feet. Four-foot high barriers are installed — ejnitation was 143 percent of normal, but there 

at several of the sites to catch bouncing rocks were no high intensity storm periods. The first 

and excessive Cebris 5 yields, gentle rains tachaaced the cohesion of the soil 
a] % 


The raaterial caugnt in each trough is re- and tended to reduce wet-season debris move- 
moved end : Weighed, corrected for mois-ure, 2 and ment. 


a 


sampled.for organic matter and rock content. Krammes £ reported a sixth year’s (1958-59) 
debris production under unbu rned cong ‘tion = 
Resuis The south-facing rejuvenated slones were aga! 


the greatest producers. Precipitation eee 


Debris Production Frou: Unburned Slodes : . pe? es ss 
the season Was a percent or norma al. One storm 


Anderson, Coleman, and Zinke* reported the —_ caused the wet-season movement to exceed aoe 
first 3 years’ cebris pod luction xrom these sites season maa at the south-facing rejuven- 
Oe cae ‘ ‘ ejuvenate 1e.2. 

* Erosion chutes are caused by the concentrated move- cies . and ul - eee fea puve y ae ae “3 
ment or soil ana rock down serments ort stee ep slopes Xx wears Or aebdris Nope ane a bee iGer indDurned 
during bota wet and dry periods, Reference: Buack- conditions appears in tables 2; 3, and 4. : 
WELDER, ELIOT. THE PROCESS GF MOUNTAIN SCULPTURE BY bri da oes = y Slot 
ROLLING DEe2is.. Jour. Geomorphology 5(4): 324-328. Debris Production From Surnea Slopes 

49 . i . ’ 
ee . : In October 1959 a wildfire swept throuch 

5 . r 
: ea coe P seven of the nine study sites he 1 throuch 7). 
RAMMES, JAY S. EROSION FROM MOUNTAIN SIDE Debris movement beran almost Ot ae 
SLOPES AFTER FIRE IN SOUTHERN CALIFORNIA. U.S. For- ] “th : . = pees beg The ee A im ont 
est Serv. Pacific Southwest Forest and Range Expt. Sta. eever AG TE Dkeleo: eee destroyed the 
Res. Note 171, S pp., illus. 1900. low-growing brush that formerly detained Ge- 


TABLE 2.—Decbris production by seasons, south-facing reyuvenated slopes (Lower Brown Canyon) 


i Site 3 Sita 4 | Site 5 | Average sites 3, 4, and 5 
Period Season | * Season t Season | Sesson ~ 
Dry | Wet | Yearly | Dry Wet | Yearly | Dry | Wet | Yeariy {| Dry | Wee ! Ree 
rn | 
i : Tons per acre Tons per acre Tons per acre | Tons per ccre 
Prefire (1953-59)....) 0.84 | 1.86; 2.7 0.82 0.83 1.65 1.99 0.389 | 2.88 2a 1.42 | 2.69 
Postfire : 
Istyear (1959-60)..| 7.62 | 2.58 | 10.20 | 28.69 3.26 | 28.95 | 23.38 81 | 24.19 | 21.93 2.74 24.76 
2d year (1969-61)}.. 1.43 ) 34.97 | 36.40 | 5.05 |. 21.53 | 26.58 | wd | 10.380 | 11.54 | $.51 | 23.87 | 27.88 
3d vear (1960-62) 2.94 | 2983 1 32.77! 6.97 | 9.55 | 16.62 4....... We scignet aes (*) 5.62 | 16.57 1222.19. 


1 Trouzh destroved by larze boulder, 
2On tne basis of sites 3 and 4 only. 


TABLE 3.—Debris production by scasons, north-facing rejuvenated slopes, colluvial soils 
(Lower Brown Canyon) 


Site 1 | Sito 2 Average sitcs land 2 


Period Season Season Season 


eee oe 
Ba | Wot Wot | Yearly Yearly | Wet | Yearly _Yeaty_ | Dey aoe Wet | Yearly 


Te et hebug peers per cere mage per cere Tons per acre 
efre (1953- OD shevaueins eustalguame es Sis 0.14 0.15 0.26 0.13 0.13 0.26 | . 0.13 O14 0.27 
ae , 
Ist year (1989-€0)....... Saale: 4.35 49 4,84 3.55 3.738 8.95 4.31 
2d year (1900-61)......... Sek a6 ‘ 1.40 1.63 5 u ws Lsi2 
Od Sear (90162)... 6 ste oneeuse | ss2 1.27 L663 
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TABLE 4. —Debris production by season, south- and north-facing nonrejuvenated slopes 


c re fa wet 
ea ON a ve “e8 
oy 


(Upper Brown, Falls Canyon, and Singing Springs) 


Site 6 south | 
Perlod 


Season | 


1 Vegetation unburned, 


4 ris on the side slopes. Great quantities of 
debris moved downslope and into stream chan- 
nels. 
First Postfire Year 

Dry-season debris movement in the first year 
after the fire ra nged from 0.6 to 21.9 tons per 
acre (tables 2, 3, and 4). South-facing slopes 
flanking rejuvenated stream channels again 
ihad the highest annual production, more than 
- {10 times the already nigh prefre rate (fig. 1). 

Nearly 90 percent of the debris came during the 


; 
dry season. 
North-facing rejuvena ated slopes showed a 
: i postburn rate of 4.3 tons per acre per year, or 
an increase of scout 16 times the unburned av- 
1 ee (table 3). Debris production from the 
| 


7 


north non irejuvena .ted site increased 16 times. 

The smallest increase (4-Iold) occurred at the 

south nonrejuvenated site (table 4). Rock out- 

ops may have served to stabilize this site 
newhat. 

pi Precipitation during the first postfire year 

as 59 percent of normal and no high intensity 


V 
Bee: were recorded. 
> ~The burned area, including the study sites, 
e' was seeded with annual ryegrass (Lolium mul- 


iflorum) and black mustard (Brassica nigra) 
nfter the fire. Because of the below-normal 
rainfall and extended dry periods during the 
Wet season, the seeding Wee not successiul. On 
the rejuve tated sites the seed moved dow nslope 
With the debris and was ated in the stream 
channel. 


econd Postfire Year ° 
Rainfall in the 1960-61 year, although only 
3> percent of normal, contained four storms, 
totaling 7.35 inches of rainfall that produced 
ebris movement. The south-facing rejuvenated 
ites, Which were the most unstable, produced 
iImost 27 tons per acre (table 2). 
Most-of the debris was moved in the second 
torm of the year. The highest 5-minute nis 
ity recorded during that storm was 1.68 inches 
er hour. More wet-season debris was produced 
during this storm trom all sites than had oc- 


neasurement, Wet-season debris production ap- 


Site 7 north | 


Season 


a a a a ee SS eee 
Dry | wee | Wet | Yearly | Dry | Wet | Yearly | Dry | Wet | yanly.| Dry | Wet | Yearly 


urred during any of the previous 8 years of - 


Site 8 south! | Site 9 north } 


| Season Season 


. Tons per acre Tons ner acre Tons per cere Tons per acre 
eee (1953~59) , 0.32 0.23 0.55 0.16 6.10 0.26 0.13 ioe 0.35 0.08 0.12 0.20 
osthre: 
(st year (1959-60). 64 1.53 2.17 2.05 2.03 4.08 03 02 05 03 01 04 
2d year (1960-61). onl 4.48 4.59 08 2.47 2.55 | 04 -96 1.00 04 28 32 
od year (1961-62), 02 218s 2:45 01 1.28 1.29 .03 46 49 -03 AS ok 


pears to be related more closely to intensity 
than total amount of storm rainfall. 

Dry-sea2son debris production in the second 
postfire year was considerabiy less than in the 
first postfire dry-season. 


Third Postfire Year ~ 


Precipitation during | the 1961-62 year was 
96 percent of normal. The first three storms of 
the year, with a total 2 o.02 Inches of raintall, 
produced more than 10 tons per acre at the 
south-facing rejuvenated sites. Another 5 tons 
per acre were measurea in the rest of the wet 
season (almost 19 inches of rainfall). Wet-sea- 
son debris movement exceeded dry-season move- 
ment. Dry-season debris movement was still 
considerably higher than the e prefire rate on the 
south-Iacing rejuvenated sites but.much ] 
than the rate during the short period just aft 
the fire (table 2). 

Discussion 

Debris that is eroded f ae the side slopes ar- 
rives in the channels through the action of wind, 
water, and gravity. How ever, these forces G 
not act equally or indépende ently. There is 
Ways @ gradual downslope movement of cebdris 
in the San Gabrie! \iountains. The gradua! soil 
movement during dry seasons is the “pase iow” 
and the wet-season movement is analogous to 
“storm flow.’”’ Debris movement was separated 
into dry-season and wet-season movements to 
determine variations in rate between seasons. 
The first licht rains of the wet season quite 
often have little or no effect on dry movement. 


As soil moisture increases, cohesiveness 1s flv cn 


This 


to the soil and dry movement slows down. Th 
lasts as long as soil moisture is maintaiz ed. 
With additiona! rainfall, wet movement pre 
dominates. If prolonged dry periods between 
storms cause a reduction in suriace moisture, 
dry creep begins again. 

Over the years, many tons of debris are de- 
posited in stream channels during both wet and 
dry saan This material remains poiscd in 
the channels and will be moved only when win- 
ter runom ve sufficient carrying power. Such 
flows occur on the average of once In every 5 


‘87 


———— - ——vT. - T Co rr 7 
Lorie = es - + 
ines . aa eel 
eae ca : “a 
. ‘ 


po 7 ~ MISCELLANEOUS PUBLICATION 970, U.S. DEPARTMENT OF AGRICULTURE 


> years. Thus, side slope erosion provides mountain slopes remains as a challenge to fu- 
‘m of the flood debris that is thought of as ture erosion-control etforts in the San Gabriel 
z or channel scour. Stabilizing these steep | Mountains of southern California. 
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Figure 1,—Scasonal debris movement before and after fire in the Los Angeles watershed. 
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weter rune? into stresm channels, reduced reak 
digcharcs of streams, and cizestively reduced 
poil erosion and resultant downstream eedimen- 
tation. 

Summary . 


Several methods of obtaining soil stabiliza- 
{ior; on high mountain watersheds are avail- 
able to the land administrator. These are (1) 
intensive management practices, (2) revegeta- 
tion coupled with intensive management prac- 
tice, and (3) contour trenching. Each method 
recognizes the fundamental relation existing 
between land cover and hydrologic behavior 
and reflects the importance of maintaining the 
productivity of the site for the production of 
forage, fiber, wildlife, and recreation. 


The application of each method requires a 
careful analysis of the (1) geologic norm, (2) 
type of flooding, (3) watershed protection re- 
quirements, and (4) adaptability of the site for 
treatment. 


Of the methods described, contour trenching 
has proved most effective in controlling fiood- 
ing, and sedimentation occurring from badly 
deteriorated mountain watersheds. The appli- 
cation of this method is not a panacea for all 
flood-source areas but has proved effective in 
controiling ficoding from badly deteriorated 
Jands occasioned by high intensity summer rain- 
storms. 
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| EMERGENCY MEASURES TO CONTROL EROSION 
AFTER A FIRE ON THE SAN DIMAS EXPERIMENTAL FOREST 


(Paper No. 19] 


By R. M. Rice, R. PF. Crouse, and E. S. Corpert, research foresters, Pacific Southwest Forest and Range Experiment 
Station,-Forest Service, U.S. Department of Agriculture, Glendora and Berkeley 


Southern California is in urgent need of bet- 
ter solutions to its food and erosion problems. 
Its steady population growth has resulted in 
Intensive urban development on the debris cones 
at the mouths of mountain canyons. The Medi- 
terranean climate, which attracts thousands of 
newcomers to the State, favors the growth of a 
highly inflammable vegetative cover (chapar- 
Tal) on the mountains. It also frequently pro- 


duces weather conditions that promote wide- 
spread wildfires. Such fires damage watersheds 
on steep mountain slopes that often lie above 
densely populated cities. Tnis hazard justifies 
flood and erosion control measures that may not 
be necessary in most parts of the United States. 

The U.S. Forest Service is conducting a broad 
research program in southern California to test 
several flood and erosion control measures for 
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conditions, earlicr studies of erosion after fire 
had becn limited to plots or to analyses of the 
effect of wildfires in the area. 


In 1960 a wildfire swept most of the 17,000- 
acre Isxperimental Forest. It destroyed much 
valuable research underway, but it also pre- 
sented an opportunity to study Rood flows and 
erosion rates from completely burned water- 
sheds. To exploit this opportunity, Federal, 
State, and county ayvencies undertook a coop- 
erative emergency research program. 

This p2per reports on a continuing study be- 
gun during the dry winter of 1960-61, and 
covers data collected during the four major 
storms of the 1961-62 season. 


Methods 


We are secking to obtain a quantitative evalu- 
ation of several mechanical and vegetative land 
treatments as “first aid” for burned chaparral 
watersheds. 


Selection of Watersheds 


The 20 watersheds used in this study were 
chosen to be as similar as possible in size (about 
5 acres), shape, uspect, and erodibility (fig. Lo. 
Even so, considerable variation existed within 
the group. To reduce the effect of this variabil- 
ity upon our study. we grouped watersneds into 
five erodibility classes based on three inde- 
pendent appraisals of their relative erodibili- 
ties. 

The appraisers used slope, channel gradient, 
rockiness, and amount of colluvial soils as in- 
dicators of the relative erodibility of the water- 
sheds. Treatments were then assigned to the 
Watersheds so that apparent erodibility was 
balanced among treatments; that is, no treat- 
ment could be applied to ail the high erodiniity 
rroups. 

Tustrumentation 


The streamnow from each experimental 
Watershed is measured in a 30-foot trapezoidal 
flume. Debris is trapped and measured behind 
earth-fill dams that can hold about 60 cubic 
yards per acre. Precipitation is measured in 5 
intensity rain gases and 16 nonrecording gages 
distributed throughout the study area. 


Selection of Treatments 


In southern California broadeast sowing of 
annual grasses is the most widely ised method 
of rehabilitatiny watersheds after «ure. Eight 


of the watersheds were sown to a mixture of 


annual grasses (Wimmera 62 ryegrass, Lolium 
rigqudamn: and blando brome. Bromus mollis) — 
four at the rate of 2.5 pounds per acre and four 
at 20 pounds per acre. 


° 


Perennial grasses — often suggested for use 
— were also tried. Bight watersheds were 
seeded to a mixture of perennial grasses (in- 
termediate wheatgrass, Agropyron interned- 
ium: pubescent wheatgrass, A. tnchophorum; 
tall wheatgrass, A. elonyatum,; hardingrass, 
Phalans tuberosa stenoptera; big bluegrass, 
Poaampla; smilograss, Oryzopsis miltacea) and 
small amounts of the annuals, blando brome 
and Wimmera ryegrass —four at the rate of 
4.5 pounds per acre and four at 20 pounds per 
xere. l-our watersneds were left unseeded, 


The areas sown to perennials were sprayed 
with 2,4-D and 2,4,5-T during the springs of 
1961 and 1962 to help establish perennial grass 
by reducing competition from brush species. 

Precipitation after sawing was light (total 
of 6.2% inches, 16 storms) during the 1960-61 
season. Consequently, we ha: scant cover from 
seeded species. To correct this snortage, broad- 
cast sowings were repeated in the fall of 1901. 


In addition to the broadcast sowings, three 
mechanical erosion contro! measures were being 
tested. Chosen from measures currently in use 
in Western United States, each treatment com- 
bats the movement of water and soil at a dif- 
Terent place along the route from raindrop 
impact ta the debris basin. These mechanical 
treatments were distributed among the water- 
sheds orthogonal to the broadcast sowings (see 
tables 2 and 3). 

Side slope stabilization.-— This treatment 
consisted of planting bariey and fertilizer in 
hand-noed rows at 2-foot intervais on the con- 
tour (150 pounds of barley and 140 pounds of 
diammonium pnosphate per acre). Its objec- 
tive was to create closely spaced barriers to the 
overland tlow of water and debris. This treat- 
ment was compared with other mechanical 
measures because we were merely using plants 
as a means of obtaining tne desired pattern of 
ebstructions. The barley plants undoubtedly 
also promoted infiltration and reduced rainfall 
impact. 


Contour trenching. — This method is being 
used in Idaho and Utah under somewhat dit- 
ferent conditions of climate and soil. It has the 
effect of breaking up surface flow, Increasing 
depression storage, encouraging the infiltration 
of storm runotl, and trapping sediment and 
debris. In this study the trenches were put in 
as close to;ether as the terrain would permit 
(40 feet on the gentler slopes to 90 feet on the 
steeper slopes). The trenches provided storage 
for abaut 3 inches of rainfall. Storms of large 
size or of very high intensity may overtop the 
trenches. In order to provide for this situation, 
each trench was drained either into the stream 
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chenne! or into another trench below. This 
drainage system consisted of about six 12-inch 


half-round downspouts for each treated water- 
shed. 


Channel stabilization. — Channel  stabiliza- 
tion was attempted by building small gravity 
channel! check dams from soil cement. In the 
watersheds so treated, a system embodying both 
natural and artificial controls was designed to 
stabilize the channel in those portions with less 
than 30 percent normal pradient. This treat- 
ment attempts to lessen cnannel downcutting 
and, thereby, helps stabilize the toe of colluvial 
soils resting on side slopes. 


The Analysis 


A multiple linear regression model was used 
in analyzing the data. Nine separate analvses 
were made — each based on the flood peaks or 
debris production of an individual storm, except 
one analysis that used total annual debris pro- 
duction as a dependent variable. Several con- 
tinuous variables were included in aialyses in 
addition to the class Variabies used 'o express 
treatment effects. The vegetation varianle ex- 
pressed differences in natural veyetative recov- 
ery of the watersheds. The cther continuous 
variabies yave a further description of the in- 
herent ditferences of tne watersheds. The model 
tested was 


"4 ; 9 
Yeea-2 bis bVit+bN+b,,R+ 
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in which Y‘is the dependent variable expressed 
as cubic feet per second per acre for 
flood peaks or cubic yards per acre 
for debris production. 


ais the mean response of the experi- — 


mental watersheds. 


: M,are the four mechanical treatment 
variables taking a value of 0 or J, de- 
pending on the presence or absence of 
the individual treatments. 


V; are the five veyetative treatment 
variables treated in the same manner 
asthe J. 


N is the veyetative cover of the water- 
sheds due to the residual native vejyre- 
tation and the recovery of native 
plants (includes burned brush stems 
and litter). The cover was obtained 


YANDERSON, H. W. A MODEL FOR EVALUATING WILD- 
LAND MANAGEMENT FOR FLOOD PREVENTION. Pacific 
Southwest Forest and Range Expt. Sta. Tech. Paper 
69, 12 pp. 1962, 


‘Cis the mean channel gradient af t 


by caine visual estimates of cover on 
clusters of four l-square-Iost quad. 
rats distributed in a stratined (on 
aspect) random fashion in the water. 
sheds. About 140 square feet of each 
ratershed was sampled. expressed 
as a percent, the native plant cover 
at the time of the first two storms 
ranged from 3.7 to 16.8 percent, with 
a mean value of 7.1 percent. Esti. 
mated native cover for the third and 
fourth storms ranged from 2.3 to 29. 
percent, With a mean of 18.2 percant, 
This variable was included to ailow 
for differences in natural vegetative 
recovery of the watersneds. 


R is the percent of the soil surface 
covered by rocks greater than one. 
half inch in diameter. This variable 
ranged in value from 0.4 to 15.3. The 
mean was 7.4 percent. This variable 
was ede to index the effect that 
armoring the surface of tne water- 
shed with rocks might nave on erod- 
ibility and storm runoff. 


S is the mean slope of the watershed 
as determined by averaging tne slopes 
at the vegetative sampli - plots. Thi 
rariable ranged from 37 to 69 perce: 
with an average of 54 percent. 
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Watersheds measured from 1:49¢9 
scale aerial photographs. Gradients 
vary from 17 to 44 percent with an 
average of 27 percent. 

A is the area of the watershed above 
the flume for fiood peak analyses and 
the area above the debris dam for 


debris production analyses. Tne aver- 
are area above the flumes is 4.67 acres 
(range: 1.38 to-7.3) acres). Phe aver 


nyre area above the debris dam 1s 3.65 
acres (range: 2.26 to 9.57). As as 
derson reiterated in aw recent 
“mast of the variables whicn we ne 
lect to put in our analyses and many 
of our mistakes in choice of functions 
hide in the area variable.” We in- 
cluded area in our analyses as index: 
of-ignorance variable. In each of the 
reyression analyses four models were 
tested for each sct of dependent vari- 
ables: The first analvsis included ah 
independent variables; the second 
omitted the continuous variable; the 
third omitted the vegetative treat- 
ment variable; and the fourth omit- 
ted the mechanical treatment vari- 
ables. 


Re 


_.. [eee 


Results? 


Storsts 


Four of the 22 storms during the 1961-62 
geason were long and intense enough to produce 
responses in the experimental watersheds that 
could be analyzed (table 1). Analysis of the 


TABLE 1.—fPainfall intensities and amounts for 
major storms of hiydrologte year 1962! 


Maximurn rainfell Intensity for | 
duration of-- \ 


| | jTotal etorra 
§ ; 10 , 18 j 2 - $6 | 60 | preripi- 
rain, ; Min. j Min. , min. ; min. | min, tation 


lpn far fncpie. fa Drs La, fh Tn. Nitin ae neha 
Nov, 20, 1961.12.16 1.70 -1,.38 1.21 1.16: 99: | 92.47 
Nov. 30 to | | 


Storm date 


Dec. 3, 1961... .j1.80 11.32 1.09 | .96 | .91 | 73 | 4.58 
Jan. 20 to | ; 
Jans 23, 1962.11.38 (2.10 | 92 7.82 5.79 1.701 4.75 
Feb. 7 to | | | ; 


; | 
(1.59 11.24 | 96+ 811.63 1.391 9.27 


catch of rain pages indicated there were no 
appreciable differences in the amounts or in- 
tensities of rainfall amon y the watersheds. Con- 
sequently, rainfall variables were not included 
in the reyression analyses. The averaze concen- 
-tration time of the watersheds is about & min- 
utes. The 19-minute intensities shown in table 
‘} have recurrence intervals of 2.1 years, 1.1 
years, 0.5 year, and 0.8 vear. The recurrence in- 
tervals for the maximum 24-hour precipitation 
are 0.5 year, 0.6 year, and 1.0 year. 


Storm of November 20,1961 


The first sturm of the sexson had rainfall of 
high intensities. This downpour resulted in hig 
flool peaks and heavy debris from the water- 
sheds with no mechanical treatment and in mod- 
erately high peaks and moderate amounts of 
debris from watersheds modified by channel, 
check dams, or treated side slopes. The re- 
sponses were small from the contour-trenched 
watersheds, because the storm failed to exceed 
the storage capacity of the trenches. During 
this storm, the channel-stabilizing dams con- 
tinued to be nlled with debris. Thus, additional 
channel storaye was available that, conse- 
Ue reduced the flood crests of these water- 
sheds. 


oe 


?The nuthors wish to acknowledge the assistance of 
Donald W. Seeyrist, statistician, Paciie Southwest For- 
estand Range Experiment Station, Berkeley, Calif., for 
conducting the regression analyses and statistical tests. 

2Detailed data on fluod peaks and debris production 
for cach storm are available from the Pacific Southwest 
Forest and Range Experiment Station, Forest Service, 
U.S. Department of Agriculture, 110 North Wabash 
Avenue, Glendora, Calif. 
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Storm of November 30 to Decesber 3, 1961 


During the second storm of the season, most 
of the channel structures filled with debris to 
the levei of the spillway. This storm was the 
first sinve the study was begun to exceed the 
storage capacity of contour trenches. Several 
contour trenches failed, causinfr an increase in 
flood peaks and debris production from these 
watersheds, although rainfall was Jess intens 
during this storm (table 1). 


Storm of January 20 to 23,1962 


The third storm was the gentlest and failed 
to reveul any dramatic effects of treatment dif- 
ferences. The general relations between me- 
chanical treatments apyiear to be continuing. 


Storm of February 7 to 12,1962 


The last storm of the season lasted 5 davs and 
provided about two to four times as much pre- 
cipitation as any other storm (table 1). During 
most of the storm, the rain fell at relatively low 
intensities (0.25 in./hr.). The peak flows were 
in response to short bursts of high-intensity 
rainfali on the fourth day of the storm. 

Additional contour trenches failed during 
this storm, because storage capacity was greatly 
exceeded. With rare exceptions check dams that 
stabilized channels were filled with debris. In 
miany cases, debris cones extend upstream to 
the toe of the next higher dam, indicating tnai 
the design pronle had been reached. 

The channel-stabilized watersheds had the 
highest flood peaks, continuing what appears to 
be a trend toward higher relative crests in com- 
parison with the other treatments. The water- 
sheds with stabilized: side slopes. on the other 
hand, seem to bé maintaining lower relative 
peaks. In this storm tneir average was about 
two-thirds the averaye of all the other water- 
sheds.3 

Seasonal Results 


Two measures of practical importance to the 
kind manayer are the total annual production of 
debris (the debris to be disposed of, table 2) 
and the highest flond peak for the year (the 
peak to be guarded against, table 3). 

As the row means in tables 2 and 3 show, 
watersheds seeded to low density perennial 
grasses had higher peaks and heavier debris 
production. Debris production appears to have 
been reduced by the high density sowines. But 
whether this is a true eiTeet is questionable, be- 
cause the vegetative cover from seeded grasses 
in all watersheds was very low. The best cover 
was obtained in the watersheds having high 
density ryegrass where the seeded annual grass 
cover amounted to 1.8 percent.in the spring of 
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TABLE 2.~Totlal dedris productson by treatments d by treatments during hydrologic year 1962 : 
Meanie! cbeohininniol et 
Broedcast cowing ‘ce, 
. trcatreents Ne eneeha wien! mochasnical at Cootour ys Channal Side slope Moan 4 ny 
treatipeat { trenches ptatilization btabilirztica Bac. Teepoare a 
PEN ie errata temee BEES aan 
Cu.pd.fecre | Cx. pd. Jacre Cu. yd. focre ' Cryd /acre Cup. focra 
No broadcastseeding «sss eee 29.0 | 16.7 13.8 9.9 17.4 ¢ 
‘ Low density annual grass..... 2... 39.7 | 1.8 25.4 $.8 13.2033 
High density annual grass... 0... eee 31.4 ; 6.7 8.4 9.1 13.9 2 
‘Low density perennial grass .......... 35.6 | 26.6 26.4 8.6 24.3: 
High density perennial grass... 2... 0... 26.0 6.9 23.3 6.7 16.2 . 
Kean pRSDONSE Soh «x 2 et sae ncaes 32:3: y 11.7 19.5 8.4 18.0; 
Niean 1 Seen = Saas ot A ia a Nn SS Ws ee ee ee 
. ’ Row effects significant at the 0.23 level, 5 
® Column affects significant at the 0.03 level. 5 
3 
al 
a TABL B3.—Fighest flood peaxs by treatments observed during hydrologic year 1962 if 
a) NO hal ae Oe j 
Broadcast cowing hart eres aia OEE ~ Scag seep tetra - : ‘ 
’ ' ' Leate i nannel ide slope ; ea 7 
Mgoswnpe ' pelea ae ' recahes | digeiucton 6tadilization | monroe is 
. < - | Pudi fuae. (eens : Cuftfacc.focra | Cufu/se /ocre Cu.fifsec.facre  , Cut. fese.faere : 
No broadeast seeding... . Ache i ae 1.7 ecm 3.8 | 2.2 3 
Low density annual grass ose | 6.0 | 1.6 Za! 1.3 2.9 
High density annual grass oe | 25° 1 1.4 3.3 | 1.8 2.2 > 
Low density perennial grass ...0..... : 3.6 7.4 | 7.7 | 25 59 °= 
7 High density perennial grass 1. wt 3.9 | 0.7 | 3.0 | 1.8 2.4 
Mean response ? ; 3.6 | 2.6; 3.6 22 3.0 

1 Row effects significant at the 0.23 lever. 

* Column effects significant at the 0.64 ievei. 

: . i - 
196] and 9.9 percent in the spring of 1962. TABLE 4 1. Regression equations for predicting folat 
a Average total veretative cover, exclusive of bar- annual debris production and highest ; 
; ley, on all watersheds amounted to 7.7 percent annual ood peak 

and 17.5 percent for the same periods, the mu- S Souter |  Senon 

jority of it being native species. In watersheds Peete << Eeeremcn 74 Independent variables 

emicien TCE L H 

a with the side-slope treatment, barley accounted sic ea 

for another 7.0 percent of cover in the spring of pce TER OR ona ony OD 
1961 and i8.9 percent in the spring of 1962. +11.99 : +U.57  : Mono physical treatment. 

, a te . — 5.96 } —U.45 : If eomtour trenched. 

The mechanical treatments produced more eae aos WA chanel Seneeleen 
striking contrasts, particularly in debris pro- —~ 7.42 ! —0.99 | If side slope stabilized. 
duction, Debris yield from the watersheds with — 1.75 —0.52 | If no broadcast sowing. 
no mechanical treatment avericed about 30 v1) | +0.10 oe to Lea 

. ; ¢ : annual grasses. 
cubic yaras per acre when se is made for ~ 4.27 | ~0.60 ; If sown to high density 
the effect of the continuous variables (table 4). } annual grasses. 

The side-slope-stabilized water ae ylelded + 7.03 +2.16 | If sown to low density 
about 25 percent of this amoucit. the contour- 5x4 oe ! ds at a cet 
’ + =~ Set —-U.S 1 Wn} eT 
trenched watersheds 40 pereent, and the ee Sea pobeti y 
dig 
bes Cochetrs wehannel-stabilized watersheds bo percent. The + 0.045: —0.0Sr : Native veyetative cover. 
highest peaks (table 38) form two groupings ac- + OThe | +9.l0r : Exposed rock. “ 
cording to mechanical treatment: (1) those + O.35zr | + 0.074 | Slope. ; 3 
; ees : — O.37z 5 +0.69r | Channel gradient. 
from watersheds with side-slope control (con- —~ 0.737! —O.1&r | Area. 


tour treneues and. turcow planting of barley)... : 

and (2) those from watersheds without control and 3 illustrate the precision of our prediction: ° 

(channel stabilization ard no mechanical treat- equations. 

HCN I Seed held cs each of the Discussion and Conclusions 
The perennial grrass seeding appears to be 

unsuited to our soils and climate. The poor es- 


. 


ray regression ea ie calculated from 


Pega ae reueesin accounted for 90 percent than 1.7 percent cover in this experiment) | 
of the variability im the data (i.e, AR %=0.90) could not offset the reduction in native cover, . 
and the other regression accounted for 74 per- owing to herbicidal chemicals neeuert to assist 
cent of the variability in peak flow. Figures 2 that establishment. Watersheds seeded by low. 
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But there are difficulties in relying solely on 
broadcast seeding for erosion control in arid 
regions. To grow a grass crop, an area must 
have enough rainfall, properly distributed. 
Storms must be of several days’ duration for 
initia, establishment of grass and spaced every 
few weeks for continued growth. Dry autumn 
winds, common to this area, can disperse the 
seed, causing; a patchy catch. Also, the grass 
rarely provides enough cover to do much good 
during the first vear. 

We found that the tirst year’s seeding we 
almost a complete failure. We reseeded the 
watersheds in tne fall of 1961 and had a respect- 
able cp one by the third and fourth storms 
By July 1962, the watersheds of high density 
annual srrass had an average cover of 10.3 per- 
cent. Tl.e seed produced by this grass promises 
greater elfectiveness from the t treatment during 
the coming season than past performance. 

Contour trenches do not appear suited to the 
Fiours 2.—~Actusl vs. predicted annual debris produc. terrain and climate of the test watersneds, al- 

tion (1962). though the rather limited data do not clearly 
reflect this fact. By the end of the 1962 season 
all watersheds had several broken trenches, 
with little likelihood that the eroding breaks 
could heal before they produce large amounts of 
debris. The trenches were necessarily under- 
designed beeause of the steepness of the water- 
sheds. That is. they were not spaced closely 
enough to previde suficient storage for the 
runoff from ilarger storms. The test results 
should not be interpreted to mean that contour 
trenches would be ineflective if they had ade- 
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quate storage. Our experience during the No- 
. i vember 20 storm indicates that closely spaced 
trenches van be eminently successful in control- 

4 | ling erosion and in reducing peak discharge. 
_ While trenching may not be a dependable 
| control method under our conditions, an in- 


crease in depression storage on the side slopes 
would be highiy effective if a method were used 
eh | |. that was not so subject to failure. For this rea- 
. : ° ‘ . > ; : ; 8 son the trenches in three watersheds were re- 
i EERE SET GICUNS ER OAG ESE PSE ETE paired and strenyzthened so that the etfects of 
increasing side-slope storage could be studied 
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, Ficurs 3.— Actual vs. predicted highest annual flood pear 
peak. further in future seasons. 


. The reduction in debris obtained in the chan- 

' density perennials tended to have higher flood — nel-stabilized watersheds is greater than the 

: peaks and greater debris yields than the other amount currently used to compute cost/beneht 

watersheds. ratios for projects with this erosion control 

Annual grass seeding, on the other hand, may measure. However, the associated higher flood 

: be justified as an emergency erosion control peaks argue fora closer jook at this erosion con- 

; measure. It had no apparent elect on flood trol measure. 

: peaks, but may have helped reduce debris. Due In our small watersheds, the increase in peaks 

‘to the low cost of this treatment (about 1/100 may come from reduced channel roughness and 

ty . the cost of the mechanical treatments) and the shorter channel lenyihs caused by debris tilling 

tase and speed with which it can be applicd, the rough crooked channels between the check 

| tind managers appear to be justified in gam- dams. This effeet wouid probably not pe so pro- 

“7 bling on the success of the grass crop. nounced in larger watersheds. In our case, now- 
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ever, the storave of debris behind the stabilizing 
dams during this sedson was probably a ruch 
larger fraction of the total debris produced than 
in large watersheds. These ambiguities point to 
a need for further study of this treatment, par- 
{-cularly in larcer watersheds. 

Side-slope stabilizing by contour furrow 
planting appear lo be the most effective erosion 
control measure. But the expected effective life 
of this treatment is only about 4 years. Also, 
Bide-slope stabilization is difficult to establish on 
rapidly eroding areas, euch as dry erosion 
chutes or steep faces undergoing rapid weather- 
ing. However, in the majority of cases these 


4 Rowe, P. B., CoUNTRYMAN, C. M., and Storey. H.C. 
HYDROLOGIC ANALYSIS USED TO DETERMINE FRFECTS OF 
FIRE ON PEAK DISCHARGE AND EROSION RATES IN SOUTHEEN 
CALIFORNIA WATERSHEDS. U.S. Forest Service Pacific 
Southwest Forest and Range Expt. Sta., 49 pp., illus. 
1954, 
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limitations may not be serious. Usually mont o< 
the area in any watershed can be treated. Usnin- 
the estimates of Rowe, Countrytnan, and} Storay pe 
of debris after fire, with a recurrence of fire a 
30 years, we find that 67 percent of a water- 
shed’s erosion takes place during the 4 year- 
that the treatment for side-sione stabilization 
usually persists under conditions in southern 
California. 

The relative superiority of the side-slone- 
stabilized and contour-trenched watersheds ove: 


the channel-stabiized w atersheds supports the 


thesis that. immediately after a fire at leas: 
erosion control measures tnat prevent the cor. 
centration of water or debris are most effective. 
Barley planted to he:p stabilize side slope gis- 
provides lg eco ® protection arainst Tain. 
top impact. From these tests we conclud 
preventing oe init.ation of erosion is ine key 
to postfire erosion control. 


REAMBANK EROSION 


{Paper No. oi 


By Donato A. PARSONS, hydraulic engineer, USDA Sedimentation Laboratory, Soil and Water Conservation 
Rescarch Division, Agricultural Research Service ! 


Vegetation may protect a streambank in at 
least three ways. Perhaps the most important of 
these is the reduction of water speeds and trac- 
tive forces at the soil surface to a value below 
that required to cause erosion. Second in im- 
portance is, perhaps, the protection given to the 
bank material as a buffer against ice, logs, and 
other transported materials. The stalwart bar- 
rier of trees standing alony the edge of a stream 
prevents the impact of the transported mate- 
rials with the sott material of the bank. Or, in 
another way. the tough but pliant shrub-tvpe 
materials, bending with the forces involved, act 
as skid surfaces for the transported materials 
as they are deflected by the banks of streams of 
all-sizes. 

Third. ciose-vrowing vegetation: will contrib- 
ute to bank stability, within a narrow range of 
condilions, by inducing deposition. Subsequent 


to a rare flood that has eaused damage but not’ 


complete destruction to the vegetative cover, the 
deposition that occurs in minor floods helps to 
maintain the bank. 

Since the ability of the flood flows to erode 
the boundary ts related to the water speeds near 
the boundary, it is instructive to measure veloc- 
ity variations in a veev'aied waterway. W. O. 
Ree (4) did this for &-ineh long, dormant ber- 
mudayrass. His diayram is reproduced in figure 
1, along with the velocity distribution in a com- 
parable, uniform bare channel. The vegetation 


1 Research in cooperation with the University of Mis- 
sissippi and Mississippi State University. 
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FIGURE 1.—Flow through vegetation (after W. O. Ree). 


markedly reduces the water speeds near the so! 
surface. The rate of change of velocity Ww its 
distance from the boundary also is less near the 
boundary with veretation than without, ne 
cating that the fuid shear stress at the bounc- 
ary is therefore lower. 

These low rates of change of velocity near the 
ground surface and the higher rates of change 
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(1) 
CANYOW NAME 


ALISO 
ALTADENA 
ARBOR LLL 
AUSURY 

PAIL cy 
BEATTY 

SELL 

BIG VALTON 
BLANCHARD 
BLUEGUN 
BRACE 

BRAD SURY 
BRAND 
CARKLAGCE HOUSE 
CARTER 

CHILL US 
Clous 

vOUKS 

OEcR 
OUNSAUIR 
bAGLeE 
ELAWUU OD 
EricéRALY EAST 
EnGléytlv 
FAT R OAKS 
FER 

GQee CLus 
sUub¥ 

nA LN ES 
GALLS 
AARKOW 

HAVE dAY 
RAY 

MH IEL CREST 
HOG 

dduk EAST 
HOUK wesT 
KING ELUA 
KIXNGEOUA WEST 
LANNAN 

LAS Flores 
La Tuna 
LIMERKKIN 

by xcoun 
LITTLE BAL ToW 
MAVUDUCK 

MAY NO 4 

MAY NU 2 
MORGAN 
NACHOLS 
PICKENS 
ROWLby 

akuolu 

RUBY LOWER 
SANTA AdLITA 
Sap Ply 
SCHOLL 
SUHNUOL HOUSE 
eh LEt Ds 
SIGCRKA AAURE 
SLERKA 4AUKE V 
SNUVER 
SIMNBREKY 
SPLUKS 
Svetsny 
STGyod 
STURTEVAAT 
SULLIVAN 
SUKNY SIIE 
SURIeCT LIER 
SUNSET UPPER 
TurARUcE 
VoRVUby 

WA QU 

WEST KAyhae 
Wl LouR 

WIE vgs 
WIL S On 
WIMERY 
ZALHAS 


COlLuna XU4S 
COUN HEANS 


LOS ANGELES WATERSHED 


OEBRIS PROVUCTIUN OF 
OATA PRUVIVEY dy THE Lead 


(2) 
AREA 
(sa at) 


64.325 
Tato 


(3) 
1y7 2-75 bt 
(Cu ye /sa 


3342 
5342 
5542 
3342 
5342 
$5342 
5342 
5342 
9342 
2342 
> 5%2 
5342 
5342 
5342 
5342 
5342 
5342 
S342 
5342 
5342 
$342 
5342 
2342 
3342 
5342 
5342 
9342 
5342 
$342 
5342 
5342 
5342 
5542 
5342 
5542 
53542 
$342 
5342 
53 42 
5542 
2342 
5342 
3342 
5342 
2342 
5342 
$342 
5342 
9342 
9342 
5542 
9542 
3342 
5342 
2342 
5542 
5242 
5342 
5342 
2342 
9342 
5342 
$342 
5342 
5342 
3342 
2542 
5542 
5342 
5342 
5542 
5542 
2542 
2502 
5542 
5$42 
$342 
>$+2 
52 
S342 


SysTc4 CLAWS) 


$A vVEHRILS BASINS FUR 19 2-73 
« COUNTY FLODY CONTROL OLS TRICT 


(4) 
AWS YIeELry 
wt) (Cu yo) 


e234 
i] 
u 
1108 
(a) 
VGA 
53u4 
54H, 
6 
1104 
20490 
(240 
Vind 
233 
3] 
224h 
4 
4164 
3078 
7264 
9305 
4) 
4a 
8 
11602 


24690 
nH. 
23649 
em) 
14343 
2308 
a 
2439 
14149 
9 
19G45 
14056 
32444 
356 405; 
3564 
260085 
20868 
SHW5GA 
4y 3nd 
19d4 


VOTE 
D434 025 


(3) 
RATE 
(Cu yu/3oa M1) 


2238 
6 

v 
>?e9 
5, 
6666 
757 
1946 


a 
5789 
6895 
15294 
6393 
6668 
6, 
7396 
ty 
7063 
2464 
&S571: 
15242 
2 
2553, 
d 
5238 
a 
8437 
13723 
Z 
1632d 
4186 
i] 
158”, 
1428 


13 A0 
1.2555 
53Aa35 
9205 
Yo2? 
Veou5 
S4/b?7 
253 
8, 

3 

J 
ddya 


0 
4673 
5440 
ig 
4314 
1316 
IPS 
0 
246A 
14 Sn 
6495 
$333 
OnOoOFS 
é 


2456795 
O09 DS 


(Co) 
InvEK 
(Cut 3/Cok 3) 


0141797 
© 564233 
1] 
1208363 
1629A9 
1092699 
1o2¥H 34 
1624735 
e 
1032834 
g 
Vo323i 
eFS1703 
1260440 
208558 
7] 

© 46799 
6 
29868532 
0 
1057937 
3656437 
e 
3eA5584 
0783682 
® 
40483597 
62073516 
@ 

é 

B 
643991 
912585 
Be 23942 
1.83987 
014424 
1.65n15Sd 
i) 
4635452 
e HP 4873 
582404 
4 ol B39 
0 

oe 7/914 
1282752 
a 
2et32e0l 
©935979 
3655072 
2632659 
°992699 
1673511 
1284251 
20349947 
6032144 
454624 
3] 

i) 

6 
2648644 
9) 
0912205 
eIV359719 
8 
0865511 
573522 
0355248 
6 
20321425 
0271434 
Teldise 
0 h25924 
1265544 
id 


W3e274 
Vo23s345 


a Ne 


= 


wy 


_ Se ee ee = a ee 


(1) 


CAYYUN NAYS 


Atlso 
ALTAUENA 
ARHOK VELL 
AW URN 
BAILEY 
BEATTY 
BELL 

BIG vALTON 
BLANCHARD 
BLUEGUS 
BRACE 
BRADBURY 
BRAY 


CAKRIAVE MOUSE 


CARTER 
CHILOS 
CoaKs 
VEER 
VUBRSHUER 
EAGLE 
EtLHy JOY 


EMERALD EAST 


ENuLEWI1d 
PAIKGAKS 
FERN 
GutF CLUS 
GOuLU 
HAINES 
HALLS 
HARROW 
tlAVEN WAY 
HAY 
HILLCREST 
HOG 

HOOK EAST 
ROOK wes#y 
K ITRNELOA 


KEwNELOA WEST 


LANGA 

LAS FLURES 
bA TUNA 
dlaextin 
biacolk 


LLTTLe GALTON 


MAUVOOCK 
MAY NO 4G 
HAY iu 2 
MOR GAN 
ATCHOLS 
PCRS 
RUdtec Y 
KU3luU 

RUBY LOWER 


SANTA ANITA 


SAYPAT 
SCHOLL 


SCHUOL HIUSE 


Saletys 


SLER?4A MAUKE 
STERRA HAVRE 


SiUOVvce 
SOMSELAU 
SPIH KS 
STETSIN 

S$ Tuden 
STURTEVANT 
SullLI var 
SUNNYoTve 


SUNSET LOWER 
SUNSET UPFER 


TUaNe JOE 
VERUUSU 
WA RU 


WEST RAVINE 


Wah SUK 
WE k Gag 
Wit Son 
wiser 
ZA CHAY 


COkUtn Suds 
COLUAN FLAWS 


v 


DEBRIS PRPOUICT Ture 
DATA PROYIUEU By 


(2) 
AREA 


(sa NL) 


e23 
‘1.Bb 
ehh 
02? 
1.65 
Pa, Be) 
2038 
e%2 
05> 
e44 
«79 
9oel 
ef 
025 
5286 
05 
2058 
e138 
«4d 


b6eS1U 
Ve4uoleed 


(3) 


1971-72 LAWS 
(CU yessa M1) 


697 
697 
O97 
697 
697 
677 
697 
oo? 
697 
49? 
697 
697 
697 
690 
697 
097 
697 
697 
690 
697 
697 
697 
637 
697 
697 
697 
697 
697 
ov? 
697 
697 


uF fy 
teAe 


LOS ANGELES YATERSHEY SYSTEM CLAWS? 
VESRTS BASTUS FUR 1I9/1*72 
COUNTY reyve CONTROL VESTRICT 


(4) (5) (6) 
YIELW RATE INDEX 
(Cu yv) (Cu yo/sQ wl) (CUL a/cuk 3) 

8 d, 6 

6 a: 3 

e, 8, 6 

6 8 8 

3 g 8 

6 6 Ps) 

J, J. 6 
(642, 2944. 4616069 
7) d, 6 

3 6, 6 

é ri 6 

ts) a 8 

0 6) 6 

8 Cs) i) 

6 rs] 4q 

6 1] fs} 

a 6 6 

6 8) i 

6 8, 7) 

6 6 6 

é a r] 

& a, a 

3) 8) 7) 

oe) oO; rs) 

6 J; 6 

é 6 6 

6 6 6 

6 . 6 6 
73a 68386 9e87948 
6 0, & 

é 6, 8 

© 6, Z 

6 7] D 

a ta) 8 

é 6 @ 

Vd 4, 6 

6 6 6 

3 a, 6 

a 6, 8 

9, Bi; 8 

6 0 (3) 

6 3) 6 

é i) B 

g 6 4) 

6 6 0 

v) a 6 

6 8 6 

é vu, 6 

A 6) o 

8 @ 6 

@ é 7) 

6 fi 8 

6, a a 

—— 437A 25785: 3608795 

4) G B 

a 3] 3) 

7] 6, 6 

@ A, 6 

4 a 2 

7 vy 6 

i) & lal 

F] ri) (5) 

J 8 8 

J 4, 6 

re 3 6 

¢ ] rs) 

) a 6 

6 v, 6 

o ] i) 

“, 6 6 

", 6 “ 

r] B 6 

ts} 6 A 

a 9 4) 

6 ral) ¢ 
e344 347 0448959 
6 © 4) 

J 0 6 

ri 0, 6 
Ss3Huy 59793 5168601 
144_3a4 “935.154 e 698123 
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(1) 
CANTON HATE 


ALASY 

Ak fAUUENA 
AUBURN 
BAILEY 
BEATTY 

BELL 

BLG DALTON 
BLANCHARD 
BLUEGIA 
BRAUBIRY 
OKAHY 
CAKRIASE AQUSE 
CARTER 
Crhibus 

CouUKS 

OEER 

DUNS AULR 
tASLE 
ElrdQuv 
EMERALUD EAST 
EnGLewuu 
FALRUAKS 
Feen 

GOLF clua 
eNul v 

HAINES 

HALLS 

HARKUY 

HAY 
RIGbeREST 
HOG 

Hook EAST 
HOOK WEST 
KIWNCLOA 
KIANMELOA WEST 
LANWAN 

LAS FluReES 
LA Tur 
LbReKlin 
LINCOLN 
LIYYbLo vALITON 
MAUUOEK 

MAY ni 1 

HAY NO 2 

MOK GAN 
HICHILS 
PICKENS 
Ruwbley 
RUSLO 

RuBY LOUWeK 
SANTA ANITA 
SAWPET 

9 CAOLL 
SCHYOL NUUSE 
SHLELVS 
SLERRA MAUDKE 
STe&RRA HAVRE y 
SNOVEK 
SO4RERY 
SPINKS 
STelSun 
$TOUGN 
STURTEVANT 
SuLtLIviy 
SUNMYSIZE 
SUNSET lLuwtk 
SUnScT UPPER 
TYHN BULL 

VE KIU& 

WARD 

WEST RAVING 
WJ ky Unk 
WLLbwdou 
WILoUN 
WINERY 

2A CHAU 


CulLUuMn SUMS 
COLUAMN MEANS 


LOS ANGELES WATERSHEY 


VEKHRTS PRIVUCTLOY or ao 
VATA PRKOVIVUEY SY THe Lodo COUNTY FLUUI CUNTRUL YISTRICT 


(2) 
AREA 
(s@ MT) 


383.614 
1.16915 


(3) 
Vy/ 4-71 LAYS 
(Cu yu/sa m1) 


1105 
1165 
1163 
1163 
1163 
1163 
1103 
1105 
1163 
1103 
1165 
1163 
1163 
11.63 
1163 
1103 
1103 
1163 
1163 
1165 
1163 
1163 
14035 
1163 
14163 
1463 
1103 
1163 
41.63 
1163 
1.463 
1165 
1163 
1163 
1103 
4163 
11.03 
11463 
1163 
411455 
lio3 
1103 
1453 
14103 
1163 
1163 
1165 
1163 
1163 
4163 
1163 
1io3 
1163 
1163 
1165 
11554 
1.163 
11603 
41063 
4103 
1103 
1163 
1165 
11603 
1165 
11955 
4103 
1163 
4193 
1163 
11093 
1163 
11465 
1165 
11635 
1165 


YVEoRIS BASING 


(4) 
YIELO 
(Cu y?) 


97? 3K 
V2dde2a 


SYSTEM (LAWS) 
FOR 1944474 


(5) 
RATE 
(ty yo/sa HI) 


3406 
0254, 
668Ab) 

6, 


142859 
1617 ebb 


(6) 
INDEX 
(cok S/coLu 3) 


2063581 


0325388 
B59845 


613758 


051763 


0836635 


et 44 


83697 


BBGRPOEaeQeqoQ@uaSFasweFag QeRFeVe BPHRDARA 


26579546 
$6 37445 
5165990 
0 

0 

56332603 
2625504 


ef B504 
220139 


243336 


058091 


0b 294HK7 
9 e452 3H 
2075151 
J 
6034919 
) 
ts) 
3 


G{Qenzsaet&les® geREsF®seoenSetdwrwaasacts 


122.319 
10614549 


LOS ANGELES WATERSHED SYSTEM CLAWS) 
VEBRIS PRovICTIIW OF 7d VEBRIS SASINS FOR 1907-74 
DATA PPYVLVED BY THe LeAe COUNTY FLOGY CONTROL DISTRICT 


7 (1) (2) (3) (%) (5) (6) 

GAY OY NAME AREA 1904/4 LAWS yryo RATE INDEX 
( ($Q KL) (Cu ye /sa AT) (bt) yu) (cy y¥/SQ ALT) (Cot d/C0k 5) 
ALTADENA e2 2104 C4] a 6 

, i Aus URN 019 216% g © 0 
BALLET oo 2408 o70 14333 & (45514 
SELL ( 2164 S4ud 655 02237638 

BIG DALTON 2062 2168 RIBS : 3167 1468/9 
BAC HAKY 05 210% Add 249, 0 892254 
| BLUE 9uM e1y 2163 e e, é 
\ BRA UBURY 0 68 2163 330 11764 52426298 
BRAHU 1.43 2168 r) Ji a] 
CARTER ei2 2168 g 8) 7] 
\ CHELDS 031 2163 146 322 0.145524 

y CIOKS 058 2198 74 1206 0596273 
DEER 659 2168 3 3, 6 
VUNSNUT 034 2103 {isd 1349 ©063782 
SALE of 2108 126 1603 0375185 
ebNevoo 0 51 2104 é 3) % 
EMERALY CAST 016 2194 J Jd g 

, Enétewltv . 2146 5534 13/5 6034225 
FALRUAKS «21 2166 9A 4245 1697648 
PERK o3 2103 2A56 6566 3472 
GOULD 04? 27164 209g 425. 6196553 
AALGES 1693 2164 OD] ) g 

j WALLS 1096 2169 P b 5) 
HARROW 043 24638 2429 25314: 2657426 
HAY e2 21628 é,) Q, 1) 
HLLECREST e435 2163 60G 2255 1655397 
HOG o3 2163 6 a 6 

7 AOUK ENST «13 2464 1054 9555) 22562d27 
KINNELUA e2 2163 Sait 2536, 1615514 
KINNELGQA WEST «15 21%28 1368 812s Zeal 4769 
LANNAY 025 2168 15264 72582, 33.57/93 
LAS FLORES 045 2163 a 5S) & 

’ kA TUNA 9254 2155 J v ft) 
LIMERLE RK Seb? 216% d 6 i) 
LINCOLN . 2) 216% 658 W254, 95535866 
LifThLeE VALTON $631 2166 22234 6740 3.49317 
HAQVUCK 025 216% é y @ 

: AY #4 ef 2168 38903 12714 5 eb45439 
HAY ad eGR 21.63 4a” 4444 ZeV4IR2 
riCL LURE «62 2168 i 3, & 

q MUR IA Py.) 2108 g 4, va) 

A lernols eh 2168 $u890 S171 1647186 
PICKENS 1.04 21463 £ @ 6 

, \ ROWLEY 5 2108 3 ’ 8 
Rudlu 1226 21.428 94eE 714 0329346 
RUSY e2t 216038 634 2142 ePBBN97 

( SANTA ANITA lef 2163 31308 18414. 80649216 

SAWPIT Zee 2165 ' 26423 915 eA 22048 
7 SCHOLL obo 2168 é é 6 
C SCIIOL HU SE 623 2165 0 5 8 

oH Tek ss e2? 21608 4ay 144}. 2683118 

J SLERRA HALRE 2039 2166 {ORs 6674 3638704 
iG SLERKA AAUBE yo eho 2164 ri) 4 6 

. . SY OVER «23 nae 2168 8 nn ee eee _ 8 

SUABKE KS 1626 2166 i) 3, 4 

C SPINKS 044 2155 8 4 r 
STETSVN «2? 2193 12098 4450 1099821 
sTOuUs ud 1665 2108 i) 3 i) 

. C eur Pevaid + 45S 21°03 149 3455 1.951585 
SUwStT LOWEN 005 216% a rs) is 
SUNMSEF UPPEK 044% 21:08 3700 64 BY $e87569 

( Trae ULl ov? 2108 é “! 3 
VEKDULY De4e 21.63 23n6 242 e1(11024 
. WARU e/ 2158 r) 0 vd 
( West RAVINE 029 24.68 604 2444; 1.40741 
WIL BJA 5036 2158 yous 15469 0725788 
WIkuduor 069 246% 12914 1540 © 651476 
; ( ATL SoA 205d 2103 2n0u 435 eSAAGAG 
. WINERY 018 2108 @ 4 J 

. ZW vnay 035 2163 a $3, F) 
COLWAN ay4s (7e%4A 1685H4 232554 14570257 
CULUMA HEANS Veile 2411645 3322622, 1.552 $b 


7 


: COS ANGELES WATERSHED SYSTEM (CLAWS) 
VEBKIS PROVULTIUN OF Of Yen QTS AASINS FOR 1A0d-64 
DATA PQUVIYEY BY Tde Lede COUNTY FlUQUV CoRTROE YVINTRICT 


» (1) (2) (3) (4) (Ss) - (6) 
CARYUC NAME AREA T¥o03-6% LaAuUS YIE€u RATE INveX 
(Sa 41) (Cu yU/sq ad) (fu ys) (cu yOssa ml) (Cot S/COL 3) 
ALLEY RESe odd 24289 1104 12222 © 3546534 
; ( ALTAucMA ed 34236 Vouw 7504, © 213734 
AUD UG 019 34250 BRAGA 45203 1052459 
BAlLey co 54246 S19 dn 53106 1053093 
i 3£y Vakfun 2062 Bees 299730 115244 Be 335 
BLAGCHAgU a5: $4248 1osvyav 318A 0927655 
. BLUE Guth ely 34284 $300 17568 026651 
‘ BRAVSURY «038 3422 4 (2d 183235 3et4 152 
dRAND 1e3 342 4 BI44S 34252 4011937 
Cakicr 012 $4248 2/60 225%) 0656359 
‘ CHitus °31 34236 5540 V4 0517552 
GUUKS 258 34246 TA) 32241: 0948519 
J VEER 059 34248 44294 74915. 2018539 
OQYUNSNUER 084 34263 1/356¢8 2nI95 06057445 
EAGLE 261 $4244 V2fsd 29310 044 732¢ 
Et wooo e351 34263 Sy UH . 19752 0599193 
ENERALUY EAST ©16 34264 14684 T3500, © 291715 
: ENGLEAILU 04 34244 6H298 1945¢9, he 59332 
FALRGAKS ©21 34284 V2d50 59523 def 3a36 
FERN e3 342434 2394 79666 20 32598 
wILLO 047? $4299 15563 32978 eYO2A19 
HAINES 1653 34284 $1738 24716 2654376 
: HALLS 1.66 54284 35290 "5 2Hr5 1.651911 
HARK IM 643 342359 654658 147441. Ge3I196 
HAY °2 34238 2764 24505. eB 31559 
MILE CREST 035 34234n 145408 2742s 239346 
HUUK EAST 018 542464 egend 224533 6051497 
. KIANELJA e2 34265 1Viove 8559, 2050714 
KINNELUS WEST elo 542098 22280 134752, &ed6755 
LAWNAT 025 34260 4S les, 0325458 
LAS FLORES 64> 34244 19yYNY 44262 1Te2)Ad2 
LA TUNA 5254 34200 67334 12652 0 55762 
LEAEKL IN 3.64 542623 5654u Gol 2228530 
LIneULe °5 34249 28400 545334) 160569% 
tiTTh ec vatTon 3031 34259 337334 132.94 2097737 
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GOUSEVERRY «20 23ary r) 6 6 

euUlb ol 237% 3975 $457 2eV35748 
HAIAES 1.55 2ury 3 7) 8 

HALLS Jeod6 28fy 6187 5836 2062739 
HARRY «43 2&7 6 wv vr] 

HAY o2 2379 1924 7620 2°644575 
LAHNAN «25 2379 33? 12146 %e21992 
LAS FLORES e435 2879 24737 S4r0) 19 6395% 
LA TUNA 5634 2877 0 0 P) 

LL HCOLN 35 2579 797 1594 0555664 
Li£TTRe BALTUAN 5631 Za7y 12994 3923 1¢ 36332 
MAUYULR «25 2st? 8 oO, a 

HAY +4 of 2ary 6 6 ty) 

MAY He ear e37y é a, 7) 
MCCLURE 62 2079 394 $78 0197985 
aichars e 34 2879 1303 145% 0385047 
PARAULSE «02 egy 1u46 163%) 0585907 
PLOR EHS 1644 2a7y 6335 3441 1)eigsel 
ROwk cY 053 z26ry “ 6 é 

Ku LO 1°26 2e79 $413 5978 1038175 
Ru ay : 028 2879 355 1267 044008 5 
DANTA ANITA 407 2879 31452 46591, 6e42519 
SAWFKIT 284 2579? 5124 1304 0626596 
SCACLL 006 25677 633 1@54 0359152 
SCHOOL AHUUSE «22 2679 21027 77239 2608234 
SHIELUS e27 2079 ra) 6 6 
SLERRA HAVRE 229 2379 143 58 0820146 
SLERRA HAVRE YO 10646 2sry 12415 8503 2295346 
SHOVER 023 2879 @ 0 @ 

SPAKRR © &4 2a? 912 Was 0 $75867 
SPINK S 04% 2679 10354 4164 1644775 
8S Todor 1265 2o79 6 ‘) rs) 
SUNStT UPPER 04s 2879 | 6 3) r] 
furdbute “99 2nl9 4314 4351 0151894 
VEPD Ud {doy 2svy S37 te 373 6 133254 
WARD e1 2009 497 4973 10672629 
Weof RAVINE ees ear? 431 224 eh 298 
wIbL SUR Beas 2479 394% 451: 6150652 
WIL SGA 2056 24679 2578 2158 of 49965 
ZACKAU 035 : _. 2Br9 Pee sid eee 243 8 G86141 
COoLUHY SUMS OOcK414 4191225 S170083 VivedSi9 
GOLUMM MEANS 1022742 3541.2 523.4054 204274 


2 8 oe oe Oe ee ee Oe ee Oe Oe Oe Oe Ue Oe Oe Oe 


(1) 
CAKYUd NAME 


ALTADENA 
AUBURA 
VATOEY 

bIG VALION 
BRAUKURY 
BRANY 
CARICLK 
COOKS 

DEER 
VUNSITIR 
EAGLE 
FALQVAKS ” 
FERN 
FLORAL UPPER 
BUUSEDCRET 
&wOULY 
HAINCS 
HALLS 

HA RRUW 

a Y 

LANHAN 

LAS FLORES 
LA fFUNA 
LANCOLN 
LETTLE VAL TON 
MADUYUGCK 
mAY #7 

MAY #2 
AbCCbLUKE 
AIiCnhuks 
PAKRAUISE 
PLEKGHS 
RUwWle & 
Ku 6 tu 

KUdT UPPER 
Rusy 

SATA ANITA 
SA we LT 
sCHJek 
SudEive 
PTERRA YADKE 


SLERRA MAVURE V 


SHUYER 
OPARK 
SPLUKS 
SToOUoK 
SudoeT UPPER 
TuRdeyle 
VEXKIIGU 
AARD LUAER 
HARRY 

WEST RAvaAE 
wil But 

ZA CHAU 


COLUMN SUNS 
CULUI4N HEANS 


DEBRIS PRIOYVCTIOH! vr 34 


VATA PROYVIVED By Tat LeAe CouNTY 


(2) 
AREA 
(3a 41) 


251 
019 
«¥ 
262 
e6QO6 
1-03 
012 
058 
05y 
et4& 
eb}. 
oe] 
oe) 
«ud 
626 
04? 
1653 
1.006 
«48§ 
o2 
025 
045 
de 5% 
<5 
Se3i 
25 
of 
oD 
062 
o3% 
202d 
1234 
053 
1626 
edi 
28 
1.7 
Cod% 
269 
col 
2239 
1649 
e25 
034 
«4% 
14265 
«44 
«99 
{Aensd 


OS4yI 
16455 


(5) 
Vydi-vd LaAus 
(cu ye/ sa wl) 


13951 
13951 
135954 
15951 

13951 
13951 

V5991 
13951 
1351 

15y¥51 

44991 
13951 

13751 
159517 
13751 
15951 
13751 
13971 
1V39>14 
13951 
Toyo 
15754 
13751 
13951 
13¥51 
13791 
15954 
13951 
qaysi 
13951 
15734 
139514 
13921 
139°54 
44951 

13951 
13.91 
V35?31 

15751 
V$2>51 
157951 
43951 
15951 
13991 
13951 
13751 
13951 
157351 
13754 
45954 
43751 
43751 
42951 
TS951 


LOS ANGELES YATERSHEL SYSTEM CLAWS) 


DEBRIS SASINS FUR 1961-62 


(4) 
Yilclo 
(eu YU) 


“ 
26115 
14132 
i3sus7s 
42322 
24792 
11159 
Y3T 
1349 
2se9 
4762 
S30 
397 
a3? 
1682 
12983 
1755 
14914 
365 
56.495 
etsy 
525 
208384 
1446 
455646 
SHI0 
2154 
$1 
2044 
9417 
$642 
19355 
1142 
S77 
1465 
1626 
1S2y41 
o3au7 
3 
1400 
41595 
415012 
oBY 
2255 
20 $5 
4492 
rs) 
2916 
33261 
; Le 
967 
4ayl 
34353 
439 


bP 2002 
16532.6 


FLOOY CONTROL OISTRICT. 


(5) 
RATE. 
(Cu yu/sea I) 


J 
1g505¢: 
16346 
4970) 
13855 
2403 
93d471: 
ful 
1745 
$367 
28383 
2523 
1332, 
134953 
0469 
20025 
1140) 
Tangy" 
2011: 
25043 
c + B897:56 
11466: 
53346 
2uye2 
sO0d0& 
12554 
3371: 
Sos 
3275 
37462 
28746 
D027 
1905. 


744 502 
1573304 


(6) 
INOEX 
Ceak >/coL 3) 


8 
7eSd777 
162644 
3455544 
1035752 
0172246 
6256913 
0121927 
e€125c31 
0241545 
e2nlal 
018 d847 
€892334 
eV9VI?SS 
0403594 
Jord 
e5S2216 
1 ed¥s4o 
0144147 
SeHH7BY 
0627625 
4d 3578 
03633 34 
21449953 
&o81935 
08573 
02241238 
oF 6H571 
© 236154 
0413dt7 
042145 
0 4n534 
141455 
0832753 
0505856 
e415245 
3.35056% 
1071644 
rs) 
0261342 
0344922 
5*8 2531 
0211654 
e134615¥ 
«429217 
0464356 
a 
0211239 
©272384 
0 
06534433 
ai424r9 
0224544 
eG 24457 


5363511 
oF S7OKG 


. ee oe oe oe Oe Oe Oe ee ee Oe Oe ee Oe Oe Oe 


LOS ANGELES WATERSHEY SysTth CLAUS) 
VEBRIS PRODULTION OF 55 VEURIS BASINS FOR 1769-61. 
DATA PROVIYEY BY THE beAe COUNTY FLUUY CONTROL VISTRICT 


(1) (2) (3) (4) (9) (6) 
CANYON NAME AREA 1943-61 LAWS ylelu RATE INDEX 
(sQ mq) (LU YYs5SQ KL) CCU YU) (Cu yO/SO MI) CCOL S/toOl 3) 

ALTADENA e517 1721 6 ay 8 

AUS URN o1y¥ 4721 4554 21521: 12 e3N87 
BALLEY 26 1721 210% 35646 2687529 
BIG DALTON “2052 4721 4lsby 151438. 160545 
BiG VALIUN L 034 1721 738 229% 1235295 
BRAD3ZUKY 06% 17214 ry) @ 3 

BRAK Ved VW?P2i. 4183 104 0 f58186 
CARTER old 1721 i] 8. a 

COOKS 254 4721 a @ ) 

DEER 05Y 1721 8 J, 6 
OUNSMUIR, 684 1721 2168 2938 4049913 
EAGLE e 61 1721 355 S34. 0337594 
FAL ROAKS e21 1721 25 119 © 369146 
FERN 03 1721 729 2434: 1041190 
FLOKAL UPPER °86 4721 63 11:33 ©653338 
GOOSESERNY 026 1721 d 8. 6 

GOuULO 047 1721 3410 7268, 22313 
HAINES 1.55 4:721 J 0, 8 

HALLS 1<46 17214 4139 3904 2626845 
HARROW 045 1724 8 a 8 

Kay 02 1721 0836 “ * Setay 4709463 
LANHAN 025 1721 r) 6 v 

LAS FLORES 045 1724 167 $71) 0215572 
LA TUNA d<34 1721 6 a) 3 
LIACOLN Pe) 1721 6 rd @ 

Ri TylLe VAL TUN 5.31 1721 135697 5709 3.31726 
FAY LOCK 025 i7vei 6 6 i) 

MAY 214 e@ 1721 r) P,) a 

MAY #2 “6? 1724 ) “, 6 
MOCKLURE 262 1721 8 t) 0 
NICHOLS 9% 1721 r) 3) 8 
PARADISE 062 1721 9 ra) 6 
P_CKENS 1684 41721 8189 4445 2°58234 
ROJLEY 054 4724 335 574 0343527 
Ruslu 126 4721 & 8 6 

RUSY UPPER 021 1721 e a é 

Ri3 «28 1721 26 92 0353457 
SANTA ANITA Ve? 4721 @ @ rs) 
DAUPIT 2654 1721 2676 o 947 6555261 
SCHOLL e6a 1721 3 v 6 
Suirpos 27? 4721 a 7) 3) 
SIERRA “AURE 2,39 472i Ca) 8 5] 
SLERRA MAYRE VO 1°46 1721 ri) 3 6 
SNOVER e23 1721 1181 5134 20698319 
SPAKAK 034% 4721 6 7) @ 
SPENKS 04% 4721 6 Bb, ri) 
oFOuon 1.65 4721 a 8. a 
SUNSET UPPER 344 1721 1366 3104 1.8036 
TURWDULL 09) 1/24 25 25¢ 0146425 
VEROUGD 16635 1721 e 6 a i) 

WARY LUWER 57 4721 C7) Q) @ 

BARD ef 4721 155 13854 1087496 
WEST RAVINE e25 1724 844 3376 1.961695 
WILBUR Beo5 1721 5768 5&7 ) 03541054 
ZACHAU 035 ath 47e4 ime ‘é Pe etn ite ar 9) gens eae ss 
COLUM SU4S baeS5d Vis771 12105 69-7809 
COLUMN MEANS 1.10964 2814 od2 2185673 1020387 


8 8 oe oe Oe oe Ue Ue Oe Ue OU ee OO Oe Oe 


LOS ANGELES WATERSHED SYSTEM CLAWS) 
DEBRIS PrOUUCTINY JF 54 VELKIS BASINS FOR 195970n 
DATA PROVIVED BY TKE bLe&e COUNTY FLOOD CUNTROL YISTRICT 


(4) (2) (3) (4) (9) (6) 


CANYON HAE AREA 1yS¥-6U LAWS yfeELo RATE INVEX 
(se mI) (cu yu/sa M1) (Cy yH) (Cu yO/SeY mI) (COL 3/COL 3) 

ALTAUENA 051 1359 474 92? 2685689 
AUBUNK 019 4595 a 8 6 
BAILEY 06 1355 0) 2 8 

BIG DALTON Lb 254 1355 774 2276 Ve 67971 
BRAD UXY 066 4355 3569 3248 5687304 
BRAND Jad 1555 8 8 fl 
CAKTER 012 4555 ) i) 7) 

COURS °36 1595 5 8 8 

DEER : 659 1355 fi 6 8 
DUNSMYULR 084 : 1355 B 8 6 

EAGLE 661 1359 ) 6 6 
FAITROAKS e21 1595 2u72a 9357 7627454 
FERN e5 4355 6 é ri} 
FLORAL UPPER 036 1355 ) 7) 8 

GOIS EBERKY ra) 1355 B) 6 ry) 

euUuLY 4? 4355 2325 6516 4043542 
HAIWes 41653 1355 A ] 3] 

AALLS Ven 1555 P] a, (3 
HARROY | 043 4355 6 rs) 6 

HAY e2 1355 1576 74.538 9679336 
LAXNAN e25 1525 B b 4) 

LAS FLOKES 045 1355 g 6 B 

LA TUNA 5634 1895 4, i, 9) 
LINCULAN 05 1355 i) 6 7) 
LITTLE VALTON 5,51 4355 157ul R 4745 3653185 
HALYICK 025 13355 Vibe 4 eg, 3624723 
NAY #14 of 1355 r) ) 8 

HAY F2 39 4355 6 6 6 
MCCLURE 042 1395 J i) ok 
N{ICKULS 094 1355 496 $21 © 584542 
PARAVISE 62 1355 36 53d 0624544 
PICKENS 1284 1355 1457 574 °©423616 
ROWLEY 058 4559 n a & 

RuBblhy 1°26 1355 g fi °) 

RUBY UPPEK «24 1353 @ Fs é 

RUBY 023 1555 0 vi 68 

SANTA ANITA 10? 1355 15349 83%? 6652915 
SAURILT 2064 4355 16903 5954. 6639188 
SUnOLL 066 1355 4 ry) 6 
SHIELDS e27 1355. Pa é @ 
SIERRA MAURE 2°39 4355 6 rn) 6 
STERKA HADRE yo 16466 1355 6 A (3) 
SNOVER 023 4355 ri) ® 6 

SPARK 34 1355 3) 8 ) 
SPINKS 044 1355 43519 3725 2264753 
$T9uSAa 1665 4355S 6 ty) 0 
SUBSET UPPER orn 1355 5 6 6 ri} 

TURN dULh 099 1355 r7] r) B 
VERVUGY 410265 1355 0 3) © 

WARY LUYER 057 1355 a oe § 

WARD of 1355 3a 6 v 

WEST RAVINE 025 1395 c) € é 

wik dud 3.463 1355 5168 946 0698455 
2ZACHAU 35 1355 ) 38, r) 
COLUMN SUMS 612718 65625 8P459' 660.4214 
CuluciN SeaANns 1614273 1545.65 1659.65 1*22262 


8 8 oe 6 oe oe Ue ee Oe Oe Oe ee Or Oe Or Or Or, Oe 


(1) 
CANYUN NAME 


ALTALENA 
AUSUKYN 

cA Tiucy 

BIG PALTUN L 
oka UY 
bBRANY 

SA RIER 
CUOKS 

VEER 
BUASMHITR 
tAobe 
FAIKQAKS 
FERA 

FLURAL UPPER 
PLORAL LOVER 
GUULY 

dA acs ° 
HALLS 

HAY 

LANAAN 

(AS FluRES 
LA TUWA 
LINCULs 
HAVYVUCK 

MAY #1 

HAY #2 
nColuke 

HE CdUuLS 
PARAYISe 
P(CKews 
ROWLEY 

RUb 1a 

RUCY UVRPER 
RuoY 

SswPIf 
seme 
SHleivs 
Sern 440RO 
SHOWER 
SPARK 
27T0UNGn 
aUsef uPPER 
TUR AOULL 
VeERvIsJ 
WARY LOWER 
aARU 

WEST ekAviNe 
Wik sun 
e2nCHau 


eOkUty SUNS 
CUolUsA NEAUS 


LOS ANGElteS WAT 
YVEBAIS PROUULCTION UF 49 


DATA PRKOVIvcU 


(2) 
AREA 
(S2 Ht) 


o 51 
019 
oo 
3454 
06d 
1¢A3 
012 
058 
«ov 
254 
061 
24 
3 
oS6 
e111 
4? 
4°55 
lego 
02 
°25 
245 
2034 
°5 
«25 
of 
oY 
062 
03S 
«47 
1°54 
255 
1e26 
21 
28 
2654 
"66 
«27 
2439 
ed3 
oak 
1265 
~4y 
Pere) 
Tdec2 
«57 
o4 
25 
8265 
«35 


S4.a785 
4010547 


UY Tit Lede 


(3) 
1V5/7-55 LAW 
(Ct) Yussa 4 


3251 
3201 
3204 
32051 
5201 
3201 
$291 
3eul 
5231 
$201 
3241 
321 
3231 
$241 
$241 
3234 
3201 
$231 
321 
321 
3291 
3251 
S2et 
3244 
3261 
3291 
3261 
S281 
3224 
3261 
S2ni 
3201 
3291 
3281 
3201 
$2681 
3261 
S204 
3261 
5261 
$2u1 
$241 
32:41 
3201 
32071 
5231 
3281 
321 
3261 


ERSUCD SYSTEM 


(LAs) 


VEBRIS BASINS FORK 14977598 
COUNTY FLUDY CONTRIL VISTRICT 


(4) 
s yrelo 
1) (Cy yo) 


$295 
16025 
16714 
6 
3156 
1440 
42 
23¢. 
eon 
4692 
1444 
108% 
41174 
447 

0 
3973 
1107 
42197 
9 
1137 
1444 
1002s 
1946 
7) 
2213 
ra] 
95H4 
1209 
2249 
5490 
1499 
2042 
241 
0438 
271508 
045 
641 
3424 
2475 
3432 
7779 
1545 
955 
49075 
1369? 
5146 
1352 
20742 
1305 


V7siur 
5532630 


(5) 
RATE 
(cy yoO/Sa@ M1) 


6352 
8552 
275i 
4 
4641 
13/9 
9485 
4a 
4422 
$5495 
2367 
su77i 
3733 
7454 
7) 
6453 
(15S 
11478 
6 
4548 
325% 
2¥a0 
3272 
a 
3164 
re) 
1332/9 
1344 
6785 
2753 
2534 
2231 
1034 
2642 
(429 
97? 
2954 
1424 
9456 
S6uy 
4714 
3415 
Yo 
152 
2289 
21364 
D443 
2420 
394%¢ 


276433 
DOGT04Y 


(6) 
THOEX 
CCUt S/CuL 


Ve993575 
2067167 
eROV419 
(5) 
1644986 
1h 29866 
109 5158 
0124961 
138144 
1074477 
739456 
1509255 
12619553 
2°35 20% bs 
(3) 
2°64874 
0242112 
3eS8h575 
6 
104281 
© ¥99038 
eh 26772 
1682218 
7) 

0 P89 SP 4 
d 
4213582 
04415019 
Te49485 
eROAd4G 
bel [ss 
eb679697 
0313652 
eR 255457 
2°56532 
oe SH5257 
0926555 
0444561 
2095443 
1°12746 
40647267 
12G66495 
©301156 
°$13527 
0719089 
Voedsil2 
VeG6F967 
«757868 
Ve 25149 


38663583 
1676242 


3) 


2 2 oe ee ee he Oe Ue Oe Oe Oe Oe Oe ee Oe ee 


(1) 
CANYON NAME 


ALTADEWA 
AUBURN 
BALLEY 

bho YALTON Lb 
BRAD GURY 
BRANU 

CARTER 

GCUUKS 

beeK 
VURSMUIR 
EAGLE 
FATRUAKS 
PERU 

FLORAL UPFER 
rlLOxak LOWER 
© dULY 

HAINES 

MALLS 

HAY 

LANNAN 

LAS FLURES 
LA Tuna 

ti NCULN 

MAD VICK 

MAY 371 

MAY Be 
ACCLUKE 
KICHOLS 
PARAVISE 

PLO KENS 
RQWee Y 

RU slo 

RUBY JPPER 
RUBY 

SAWPIT 
schule 
shiek os 
SECRRA NADRE 
SNUVER 

SPAKE 

STOIGA 
SUNSET UPPER 
TU RnGULE 
VERYUbU 

WARD LUWER 
AARL 

WeSJ RAVINE 
a TLBUR 

ZA CHAU 


VILUNN SUNS 
COLVIN HEARS 


LOS AWVELES WATER 


VEBRIS PROVICTIn Cr os 


VATA PROVIDED cdY Tht Lerhe 


(2) 
AREA 
Cs@ M1) 


e051 
015 
eo 
56 
048 
1ed3 
ei2 
055 
05d 


S4aenlu 
4014347 


(3) 
1956-57 LAYS 
COy yu/sa MT) 


158 
1A598 
1098 
1454 
1053 
1750 
154 
158 
1958 
1953 
1458 
1658 
1658 
Whos 
{god 
1456 
1653 
1U38 
1058 
10594 
1458 
1458 
1256 
1458 
1558 
16538 
1656 
18538 
1958 
1655 
1255 
16538 
44393 
193d 
1658 
1055 
13> 
1953 
10 25 
1653 
1858 
1253 
10538 
1458 
1458 ' 
1458 
1653 
1955 
1058 


SHeO SySTRY CLAWS) 


UVesrPIS CNS] 


CoyutTy Fluo 


(4) 
yIELy 
(cu yy) 


A745 


ZBLBRZEoRRY 


Ww 
oO 
im 
a 


3784 
430% 
1164 
2532 
93d 
12) 
2114 
324 
usd 
J 
192 
3 
11a3d 
4) 

B 
seu 
768 
276 
oG64 
5354 
8 
11579 
v 


57215 
1167665 


Ys FOK VISOeT? 
CONTRUL vISTRICyT 


(5) 
RATE 
(Cu yO/SQ HI) 


= 
G 
oO 
°o 


Mas Pweeotsa 


BS -rw 
ay 
ne 
ao 


J 
596%) 
1685, 
23540 
1375 
1521 
J 

1g 52 
29265 
352 
) 
705 


9 
47452 
8 

a 
1413. 
767) 
eth 
1586 
$8549 
v 
1346 
17) 


115431: 
2355073 


(6) 
INUEX 
(Cul S/COL 3) 


$e 3554 


Qeoqeecrass 


4oA5259 
0774182 
d 
A 
41082455 


1.99355 
4e27221 
8 

6 

#6 

§ 0629389 
105879 
2eeA tire 
Te23962 
oh o5yvt 
J 
9o5nG9S 
2076749 
0332/03 


of 44y¥53 
6254979 
1642555 
47076094 
“a 

1226654 
re 


149 013 
2622059 


\ LOS ANSELES WATER SHEU SYSTEM CLAUS) 
DEBRIS PFOONEPLUY OF ff VEARTS AASBuS FOR 1959-95 
VATA PROVIURY AY THE Lede CHATTY PLOUY CONTROL OISTRICT 


(1) (2) (5) (4) (5) (6) 
CANYON RAME AREA 1955-56 LAUS yIeto RATE INDEX 
( (sq M1) (Cu yO/Sa mt) (Cu yb) (CU YO/SQ MIT) (Cot 2/Cuk 3) 


ALTAUVENA 251 2142 4151 2276 10667765 
( AUBURN 1? 2112 1131 9752 20A1518 
dAlkcy °4 2112 2°68 4713 2032623 
Oly UNLTOR tb «54 24112 v a. 6 
BHAUDURY »O8 2112 o5198 9573 4.53267 
SKA LU Venus 21142 Bs) 3 6 
CAkKT cK “12 Z2iie2 isy4 11535 5246433 
bUUKS ©5328 2112 J v7] 3 
Jenn «oy 2iie 4% é a 
VUNSMIIR «84 2112 11384 149 «06714 
eAGLE °61 2iie a 8 v 
FALRUAKS “21 2142 14he 4964 2254896 
PERR e3 21i2 406 1335 6411553 
FLORAL UPPER «BS 2112 a 7) F 
PRURAL LUWER 11 2112 “ 6, u 
GOULV o47? 2112 245% 2231 247630 
mAINGS jo35 24172 ¢ a “ 
HALLS 1°06 2142 43295 3°92 10795445 
nay ec 21ile J 0 p 
LANHAN «25 2112 1420 9704 2273976 
bad FRURES °45 2112 v r) 2 
tA Tus 2034 2412 163406 312.2 1244262 
Lin COtn 5 : 211d a 6 Ps) 
HAULDOER 023 e412 5494 25252 VW 
MAY al mE 2ti2 ivoe 2dHu2 1237671 
elAY @2 «fy 2112 9 6 "i 
“MCelure 262 2142 4742 1409, 3659549 
NECHOLS “94 2142 449 477 02293292 


] 
; 
7 
; 
j 
| 
; 
j 
PARAULSE : e&? 2112 2691 5725 2o7137 
PIULKIENS 1.84 2ite 49014 2446 1615314 i 
RUWlL ey Sa <112 a é d } 
7 KVBlu je2o 2112 P] 3) v7) ‘ 
Kus Y UpPra e241 2112 0 i) 0 
XUrY «23 eile ) v d 
SawpelT 2.84 £112 9604 3280 1,6903x 
SChuoLL «60 2112 “ o ) 
’ sd Lekus 027? 2412 DAB 1551 «37642 
\ sleRnr WAURE 2+59 2ite 25904 {ud 03 5014367 
Snuver 23 21125 we ra) 4 
SPAKR «64 2112 1272 2223 Verd4hy2 
( >Tuuah 1e65 zii2 ra Hb, ri) 
sJASaT UPPER 344 2112 Jd & r) 
J PUNAOYELE ov 2412 B 3, v } 
( VERUUGS hed? 2112 12705 1204 °6N7955 i 
WAKU LUNER 47 2412 1746 3133 1o40 363 
wWsShb XAVINE «29 2112 J a 3) | 
' CC. wEk BUR 5303 2112 a) P.) 6 : 


; GOL YAN Suts DSe629 113250 12498 5964383 
C LULU dW TRANS bet4us5 2457.72 2057645 1025825 


(i) 
CANYON WAKE 


ALTADENA 
BAILEY 

Ble VALTON L 
BRAND 

eyUKs 
VUNSMUTR 
EAGLE 
FAIROAKS 
FERN 

FLORAL UPPER 
FLORAL LOWER 
GULLY 

HAINES 

HALLS 

HAY 

LANNAN 

LAS FLORES 
LINcuksa 

MAY wi 

MAY #2 
HECLURE 
NICHOLS 
PARAVISE 

PICK ENS 
ROWLEY 

rRJodivu 

RUBY UPPER 
SCHULL 

Sr yepes 
SLERKA MADE 
SNUVER 

SPAKR 

$ToOuUEn 
SueSET UPPER 
TURNBILE 

VER DUGO 

WARD LOWER 
WEST RAVINE 
WILBUR 


COLUAN SUNS 
CULUMN MEANS 


OEBRIS 


LOS ANGELES WATERsShED SYSTEM (LAYS) 


PROIUCTION OF 459 


VATA PRUVIVED YY THE Leke 


(2) 
AREA 
(sq 41) 


051 
26 

«34 
1.03 
053 
et4 
rae | 
e2)4 


43.5354 
4¢411143 


(5) 
1954-55 LAW 
(Cy yo/sa i 


12 16 
1216 
T2100 
1216 
i210 
1216 
1210 
1216 
1216 
1216 
1216 
1216 
1.216 
i216 
42160 
1216 
1216 
1216 
1216 
1216 
1216 
1216 
1216 
4216 
1216 
4216 
1215 
1216 
1216 
1216 
1216 
1216 
1216 
T2410 
i210 
1216 
1216 
1216 
1216 


VEBRIS DASINS FOR 1954-55 
COUNTY PLIOD CoNTRUl LIstRIcT 


(4) 
s Yre.e 
I) (eu yu) 


544 
35785 
3 

9) 
2244 
a 

é 


n> 
& 
a 


wa 
a 
w 


ta 
NI 


WR Oe DEBOEEADTR Tx ewe PQ i aByA@ng Oo Qe 
oe . Q 
Ge > 
N o 


wi 
ive] 


52032 
1355201 


(5) 
RATE 
(Cu yo/sa Hf) 


a 
N 
a 
is 


fa —™~ 
um oo 
a) 


SesBseaVeBeeelfstMatvMese Fo 


64 


16%454 
260 He bz 


(6) 
IKDEX 
(cOr S/COL 3) 
©8459 21 
890 A446 
6 


a 
3018992 


of 4B95 


428849 


046382 


063529 


099424 


oe RRUOSS-RSTWONAAFsF-g9tBREONHeHBFPanBoes 


652632 


85 6 653u 
2219623 


se i ii i ee 


(1) 
CANYON HArIE 


ALTA VENA 
BAILey 
oRAD 
COOKS 
VUlSTIUIR 
EAGLE 
FAIKOAKS 
FERK 

eOuLe 
RALNES 
HAL 

HAY 

LAS FLURES 
CIHeULN 
HAY: #4 

HAY #2 
hICHOLS 
PAKAUVISE 
PICKENS 
Ruel J 

RudY UPPER 
SC HOLL 
Snfktus 

ST ERKA MADKe 
SNOVER 
SPARK 

STUU GH 
SUNSET UPPER 
TURNGUEL 
VE RVUGO 
WAKO LOWER 
WEST RAVINE 
WIL BUR 


COLUMN SUMS 
COLUMN MEANS 


LOS ANGELES yATcRSHED 
CEdRISg pRODdUC TUN OF 
DATA FROVILED vy THE LeAe 


(2) 
AREA 
(Sa Ht) 


2 Si 
eS 
Ted3 
6 58 
084 
eo) 
21 


416374 
1+°22564 


SySTtem (CLAUS) 


$33 veEgeTS BASINS FUR 1953-54 
COU ITY FLOQL CONTROL DISTRICT 
(3) (4) €5) 
1955=54 LAYS yIero RATE 
(CU yessg M4) (Cu yD) «Cu YO/SO MI) 
2549 gal 1778 
2939 6 @ 
2559 7] vo, 
25389 é rs) 
25389 a i) 
2584 ra Py} 
2289 8 r) 
258? & od 1534 
2584 da v 
25969 3624 2366 
2589 3312 3122 
23g? 4a S] 
2359 v J} 
258? 6 ¥; 
2539 4 - 8B 
2509 6 3 
2589 1916 2438 
25a9 a a 
23n7 4352 2554 
2589 a 3 
25389 bu26 34223 
293? fi) 3 
2569 f 25 
2589 So?92 23446 
22989 i] 8, 
2589 tded 1214 
2989 6 8 
2589 G v, 
2589 6 8 
2589 6 9 
2089 2u88 ®O4G 
2537 1611 4b&4 
2539 23440 276 
467123 BO¥13 
52460613 2633073 


(6) 
INO €X 
CcOL s/coy 3) 


686752 


592121 


Qe RB®Stonte 


0913355 
10628587 
rs) 


6 
6 
§ 
6 
e738 7177 


12) 
“eguy est 


7] 
1467655 
B 
9e65624E"3 
9 e21051 
a 
246349087 
() 

a) 

8 

4] 
1049942 
1055199 
1.64905 


33e5701 
1631?23 


wraFmtfrfrmetehrehmhmimmHatTt fF FF 2.  ] = 


LOS ANHELES WATERSHIEY SYSTEM (LAWS) 
DEBRIS PROVUCTLON OF 30 VEBRTS BASINS FOR 1752-55 
DATA PXUydvVED bY FE LeAe COUTY FLOOY CONTROL VISTRICT 


(1) (2) (5) (4) (5) (6) 
CANYON NAHE AREA 1992793 LAWS YIELy RATE INDEX 
(SQ Al) (Cu yes/sa mi) Coy YY) (Cu yu/Sa st) (COL S/COL 3) 

ALTAUVENA e351 731 1945 35809 5021067 
BAILY 2 731 5) v, ) 

BRAMO 1033 731. 8 “ J 
CQOKS 038 (34 3 a o 

BUNS IIR ed% 731 ¥ 0; a 
EAGLE 0°61 731 2499 4496 $0603528 
FAL RUAKS 24 731 6 4) v 

FERS oe) 751 a d) é 

Bul YU 47 731 Bers 10176 2324966 
nAd RES 4°93 73 B 6 d 
HALLS 1.46 (314 J vj a 

HAY 02 735i 0 0, 0 

LAS FLUORES 045 731 3) J g 
Lincoln 05 73i Pe) 6 B 
NICHOLS 04 731 PD o, r) 
PARAVISE 047 731 é 0, 8 
PIUKENS 16t4 (31 6 P) a] 

Ku LO 1.26 751 6 é 6 
ScHxurl 666 731 35979 4654 60648356 
SHltlys 027 734 6 2| a 
STeERRA MAVBKE © 2059 731 .) 6 6 
SNOWER 025 731 Fa] 4 a 
SPARK 034 731 6 6 r) 
S$louga 10455 (34 G 0, 7) 
SUNSET UPPER 044 731 6 B) J 
TUKASOLL evy 734 1307 43235, 1286575 
VERY LGU {dedd 731 V4573 19852 42643912 
WARD LOWER 037 31 2834 3554 4 8B499 
WEST KAVIE 025 735i @ 7) a 

Wik our 3263 731 a Si 6 
COLUMN SUNS 45.373 29524 55732 4B e8399 
GObuUMd NCANS 1654567 Y¥34 e053 14902137 406284 


1) 
CANYON BAHE 


ALTADENA » 
SAILEY 
BRAND 
OUNSMUTR 
EAuLE 
FALROAKS 
Feri 

GOULY 
KALNES 
HALES 

HAY 

LAS FLUKES 
LinCyt! 
KECHOLS 
PARAVYVESE 
PIGKENS 
Ruslo 
SCnotkh 

Sad LEYS 
SERRA MADRE 
SYO WER 
SPARK 
STOUGH 
SUNSET UrPER 
VERvUGD 

WA KRU LOdeR 
We Sl RAVINE 
HLL SUR 


COLUMN SUMS 
COLUAN JEANS 


LOS AXSELES WATERSHED SYSTEM CLAW3) 
CEBQTS PRMUCTION OF 26 YJeoRTIS SASTHS FOR VIII 52 
OATA PROYIVEO AY THE Leds COUNTY FLOUY CONTROL OLSTRICT 


(2) (3) (4) (5) 
AREA 1951-52 LAWS yieto RATE 
(Sa nt) (Cy ye/sa Ht) (CU yD) (Cy ye/sa My) 
ost % ET 4176 81288 
06 (487 276 4668 
1093 7467 §3139 51155 
034 743? 41625 , 13125 
+61 145? 2711 Ghose 
e21 7487 3346 14734 
eS 7487 5597 17y¥9d, 
o47 7457 @ g 

1055 7447 6164 4323 
1ed5 7487 21640 2¢647 
o2 1637 1437 “—* 7435 
043 C487 1468 41591 
05 7467 49445 8096 
ohh 7457 2176y 231538 
e47 7487 7044 1490? 
1084 7487 13330 7240 
1026 168e 5154 4874 
660 7487 3) a 

eal T4487 13373 49-529 
2039 74657 $515 253¢ 
23 7457 2432 12519 
05G 7437 4930 5369 
1.6 > 7487 14452 6516 
044 7487 3449 T7el 
14.435 7487 512456 51.37 
eo? 1487 13525 23333 
025 7487 4465 W448 
o065 1437 o16e? 147 

e 

38+68 29.3514 29 3807 
1633571: 416575.5 1457107 


(6) 
IT NVEX 
(cot S/COk 


1259363 
©36194 
2683527 
Ve? 53d4 
0593562 
1696594 
2048253 
6 
0637999 
2003771 
99 SH55 
0559423 
1.161462 
30473515 
2045174 
e967 94K 
05444453 
13] 
6061533 
03451354 
166445 
e?S3592 
16135744 
146@3245 
«630425 
321852) 
2¢396135 
09394233 


39091014 
1.425356 


wranffhhememmrmeeFetT FST FT See eS SS 


(1) 
CANY OW WANE 


ALTADENA 
BAILEY 

6 KAD 
VuUNSAULN 
EAuLE 
PAALRIAKS 
PERN 

GOULD 
HAINES 
HALLS 

nAy 

LAS FLUORES 
LIACULN 
BECMULS 
PARAUISE 
PICKENS 
Ruglo 

SC HOLL 
SnHLcevs 
SIERRA NAURE 
SHUVER 
SPARK 
STOUGH 
SUNSET UPPER 
VEXUUGO 
BARU bene Kk 
WEST RAVING 
WEL bus 


COLU4H SUMS 
COLUMN HEARS 


DEBRIS YROUUCTION OF 28 
OATA PROVI tu HY THE Lerc 


(2) 
AREA 
(Sa ML) 


3Be SD 
VeS S57] 


LOS ANGELFS WATERSHED SYSTEM 


(3) 
1953-51 LAWS 
(Cy Yesse 41) 


(4) 
YIELO 
(fu yu) 


- 
BS 

a 
= 


MASGARBSERATHASWRDBEAAQATAFRRARASGRESRSAD 


1904 
35.6871 


OF3RIS BASINS FOR 19S5a-511 
COUNTY FLOOD CONTROL LISTRICT 


(5) 
RATE 
(CU YO/S2 “) 


21g 
15 ©6786 


(6) 
INVE X 
(Cok 2/COL 


GoeMRGnmBDoaaneoF®agRnsS aces FaBosue 


78 24545 
24688291 


3) 


renege 


wraFnftremrmmFmHHeeFEv?T BS 22 FF 2S 


(1) 
CANYVUN RAE 


ALTADENA 
BAILEY 
GRAWNY 
DUNSHUIR 
EAete 
PAXRUAKS 
Feri 

GUULY 
HAINES 
HALLS 

nAY 

LAS FLORES 
LiIntuls 
NPenuls 
PARADIT Se 
PICKENS 

RUS TU 
SCHEELE 
Snterys 
SLEKKA AROKE 
SHUVER 
SPARKN 
STOUSK 
SUdSET UPPER 
VERY UGO 
WARY LOYER 
WEST RAVING 
WELSUR 


COLUMN SyUFIS 
CULLUM ACARS 


LOS ANGELES WATERSHED 
DEBRIS PROYICTION 


OATS pPROVIYEY BY 


(2) 
AREA 
(SQ 41) 


eot 
xe] 
4-83 
By 
e6} 
024 


533238 
1638571 


(3) 


OF 26 
phe Lethe 


SYSTEM (LAWS) 


VERRIES BASINS FOR 1949754 
CounTy FLODY CoNTRok YVISTRICT 


(4) 


1949754 LAWS Yrukv 
(Cy yu/so MID Clu yo) 


151 
191 
151 
151 
431 
154 
151 
151 
421 
151 
151 
151 
4>1 
151 
151 
191 
151 
151 
154 
121 
1514 
451 
154 
451 
1514 
451 
151 
4151 


6s? 


Serm~AeSneSiiaernaabowet ABTHEADsS BHABKTS 
wae ~ 
ial = 
™ s 


-_- 
o 
~ 

> 


5334 
21461463 


(5) 
SATE 
(cu YI/SQ HI) 


6764 
24610501: 


(6) 
INDEX 


(Cok 2/CoOk 5) 


4407947 
1659931 


nrratriemenhmameHaeermtTtee Sh6UM6RrhUCMhUhLRU]!DhU Uh 


(1) 
CANYOM NAME 


ALT AVENA 
BAILLY 
BRANLY 
OUNSMUIR 
EAGLE 
FALROAKS 
FERN 

GOuLY 
HAINES 
HALLS * 

HAY 

LAS FLORES 
LinCoku 
NICHOLS 
PARADISE 
PICKENS 

Rs Lo 

SCHU Lt 
SHIELDS 
SILERKA FAURE 
Svover 
SPARK 
STOUsH 
SusseT UPPER 
VERUUGU 
WARD LOWER 
WEST RAVING 
wWYboug 


ColLusMN suMs 
COLYUNMA MEANS 


DEBRY3 


(2) 
ARRA 
(sQ ld 


051 


3901 OV 
1659964 


(3) 
1948-49 LAS 
Cy yus/se Ay) 


ded 
143 
143 
145 
13 
148 
146 
146 
143 
148 
148 
143 
V4o 
143 
148 
146 
148 
448 
146 
143 
1448 
148 
146 
1438 
148 
1438 
148 
148 


DeBRIS 3ASINS 


(4) 
YIELu 
(Cu yy) 


418 


uw 
~“ 


RuwmW*FRaAMEGCeMova®sF&ade2XMoogas 
o = 2 
ea O 


us 
ne) 
~~ 
~N 


5637 
207 6393 


LOS ANGELES WATERSHEY SySTEM (LAWS) 
PRODUCTIUM OF 24 
OATA PROYIvEU By THE behke 


FOR 1946°49 
COuNTy FLOUO CUNTROL OLSTRICT 


(3) 
RATE 
«cu yelsa Mf) 


e780 
@ 


4639 
164¢607 


(6) 
THDEX 
(cor. S/COL 3) 


1d06f8 34 


e2d277 
eZ29073 


34460 


Pee BFV®ePnagsasFer- sq aseWaeassHVius lea 


256581 


3161419 
1.11221 


nrermrrnmmmeererFrtT FT FFT i 


(1) 
CANYON NAME 


AL TAVERNA 
BAILEY 
BRANY 
OUNSMULR 
EAGLE 
FATROAKS 
FERK 
HALWES 
HALLS 

HAY 

lAS FLORES 
Li wWCOLN 
WECHOLS 
PARAVISE 
PACKENS 

Rue du 
SCHOLL 
SHFELUS 

Sle nrA AAVRE 
SHAVER 
SPARR 
STOUGH 
SUNSET UPPER 
VERUULO 
WARD Lover 
WEST RAVIAE 
Ww Tk UR 


ColLuNN SUMS 
CULUMN MEANS 


DATA PROVIVED BY THE LeAo 


(2) 
AK&A 
(SQ HI) 


356799 
1643067 


LOS ANGELES WATERSHEY SYSTEM CLAYS) 
DESITS PROVICTION OF 


(3) 


27 PDESRTS BASTAS FOR 
CouNTY FLOOvU CONTROL LEstricfe 


WH47+438 LAWS 
«Cu ye/se mt) 


284 
264 
258 
288 
288 
268 
283 
284 
248 
233 
286 
2nd 

238 
288 
248 
258 
268 
298 
288 
280 
238 
253 

255 
230 

285 
e338 
253 


(4) 
YIeto 
(Cu YY) 


2012 


— 


DASRUAQHANDSES 


Vii7? 
41356963 


1QVS?A4S 


(3) 
RATE 
(Cu yo/s2 #1) 


$945 


7675 
2640259 


(6) 
INDEX 
(cok a/COL 3) 


1306979 
) 


° 
we 
—_ 
wel 
$ 
+ 
Fa 


DOHoOEHKDRAt® 


66389053 
e1Viitt 
2079894 


2606493 
oF dT 14 


rarer mmemHFet?T=8 FTF? S2ThUMSe 2 FT SS ee 


LOS ANGELES WATERSHED sysTEM Claws) 
° OEBRIS PRIVUCTIGN UVF 26 VEBRTIS HASINS FOR 1946747 
DATA PROVIVED By THE LeAs COUNTY FLOOY CONTROL DISTRICT 


(1) (2) (3) (4) (5) 

CANYON NAME AREA 1946"47 LAWS yleto RATE 
csaq ut) (Cu yY/Ssaat) CCU yD) (Cy YYU/S5Q NI) 

AUTAUEWA St aT 1441 2747 
BALLEY ~ 0b 987 ri) 6, 
@RAKO 1083 987 143 133 
CUNSNUIR 0°84 987 ) 0, 
EAGLE 061 937 462 659 
FAETROAKS «21 987 661 3147 
FERK e3 767 217 723 
HATWES 1054 937 922 od2 
HALLS Veo 937 4459 4 2vo 
HAY o2 O37 (a) 8, 
tAS FLOKES 0hS Var 4BS a 1426 
LIncOtn “5 9387 1611. 3222 
KItHOLS 094 967 5647 OAS? 
PARAVEISE 1635 93° 4546 1472 
PICKENS 1.8% 987 1894 S95 
Rus to 1.26 987 664 342 
SCHOLL 660 987 682 1633 
SHELLS 027 937 24 77 
SJERRA MADRE acs 9a7 1134 474 
SNOVER 025 987 122 530 
$TOQUG 4 4065 go? 0 Bi 
SUNSET UPPER 44 987 i) r) 
VEROUUoYU id od5 937 392 39° 
wAKUY LOWER eof 98? 2736 SEBS, 
WEST RAVINE 025 YRT o41 2446 
W1to Uk BeoSs y37 12641 1464 
Cokumk Suys S3eAlIG 57608 55957) 
CILUYN MEANS 1046423 1446046 138602 


(6) 
INVEX 
(COL S/CUL 3) 


26738318 
a 
0139218 
B 

0667638 
5018345 
0732523 
eb G9929 
4026148 
a 

1 eB8b% 
342544% 
6eBS5612 
16491359 
66023 57 
0549439 
4064561 
978514 
0458245 
053678) 
a 
rs) 
0837514 
40863522 
2047519 
1048328 


36064618 
1648235 


( . LOS ANGELCS WATERSHED SYSTEM CLAWS) 
OEBRIS PRODUCTION OF 25 DEBRIS BASINS FOR 1945746 
DATA PRIVIVED By THE LeAe COUNTY FLOOY CONTROL OISTRICT 


¢1) (2) (3) (4) (5) (6) 


CANYON NANE AREA 1945246 LAYS yreuy RATE THO EX 

( (se 1) (Cu yO/sSQq MI) (CU YD) (Cu YY/sa ALD COOL S/COL 3) 
BAILEY 06 329 776 1293 1055971 
BRAND 1083 829 a 8 ry) 
OUNS AIR °84 829 2284 : 2023 $.16445 
EAGLE eol B29 SHA 44s 059228 
PALROAKS 021 629 961 4576 505199 
FERN 3 829 1332 444 5635535 
HAINES 41053 Bay 461 $61) 6363538 
HALLS 1 od6 427 4716 1618 1295175 
HAY o2 829 P,} v ra 
LAS FLORES 045 829 637 1529 1084077 
LINCOLN 2S 29 @ U7] g 
NICHOLS 294 8 ey 221 235 eo 283474 
PARAO TSE 41245 829 1427 1359 1263932 
PICKENS 1084 82? 669? 363 0437877 
RublY 1426 829 4354 3452 4616405 
SCHULL 266 827° 3 (4) é 
StHLELDS e2f $29 458 1696 2664534 
SIERRA MAURE 2e3y 829 a @; Pi) 
SNOVER 025 829 0 1) 8 
STOUGH 4669 82Y 6 0, 6 
SUNSET UPPER 044 829 144 327. 0 394454 
VERUYGO 105 629 é 8, 6 
WARD LOWER - 57 329 P27 1626 10696148 
WEST RAVINE e295 829 63/7 2945 3657358 
HIlsuRa Bob 82y 13858 166 193727 
CULUAHN Suis 37 2906 311438 5H Ib6 Bj 5602347 
COLUAN MEANS 105626 4245052 12656268 4645139 


waerehtnmhmmrRHRmFRe?TwT Fa zThhU6MRerhUCrhUM!DhlU’!lUlhlhCU 


— 


= @BeRerkrEs = = & 


= = 


=, 


= & & 


(1) 
CANYUN NAME 


BRAND 
DUNSAUIR 
EAGLE 
FAITROAKS 
FeRN 
HAIWES 
HALLS 

NAY 

LAS FLORES 
LINCOLN 
HECHOLS 
PARAOLSE 
PICKENS 

Rue lo 
SHLELUS 
SLERRA HAVRE 
SNOVER 

S$ TOUGR 
SuHsSeT yPPER 
Verdugo 
WARY LOWER 
WEST RAVINE 
WwW Tk SUR 


COLUMN SUMS 
CObkUein YEARS 


(2) 
AREA 
(SQ 41) 


36035 
1.57826 


LOS ANGELES WATERSHEY SYSTEM (LAWS) 
DEBRIS PROVNCTION OF 25 
DATA PROVEVEU 4y THE LeAe COUNTY FLOOD CONTROL OLSTRICT 


(3) 
1944745 LAWS 
(Cu yO/SQ M1) 


1300 
13606 
4304 
1566 
1306 
1366 
1366 
1366 
1306 
1306 
1566 
4366 
15466 
1366 
1366 
1366 
1306 
13006 
1356 
1366 
13606 
1366 
1306 


YEoRIS EASING FOR 


(4) 
YIELY 
(Gu yo) 


(4) 
766 
13086 
578 
1470 
9 
Sav? 
497 
681: 
263 
3a3 


1y%4-45 


(5) 
RATE 
(CU yo/sa wi) 


1] 
91 
1748 


(6) 
INDEX 
(cok S/COk 3) 


a 
0666911 
1.6393u8 
2081404 
3048176 
8 
3°56586 
1281914 
161A761 
0297218 
0239725 
1027999 
0598097 
] 
ef63id% 
0b36369 
1056223 
2.075% 
020571 
4643755 
e $81446 
e¥3SI9TI 
07496354 


2405154 
1036589 


LOS AYVELES WATERSHED SysTed CLAUS? 
VEBRIS PROVYC TION VE 259 DEBRIS BASINS FOR 1943~46 
DATA PROYIVED BY THE LeAs COUNTY FLUQU CONTRUL OISTRICT 


wrarmFmerfmmmmeeeeeetTFtTFTetea 2S FTF. ] 


(oN 


(1) (2) (3) (4%) (5) (6) 

CANYON NALE ARSA 1944-44 LAWS ylero RATE INDEX 
(SQ 41) (Cu ye/su HI) (C1) yu) (Cu YOo/Se HI) «(cot S/COL 3) 

BRAND 1.033 4231 522 342 074/44 
CUNSMUIR BS 4251 3434 423 16493343 
EAakc 061 4231 4525 TAI 1675325 
FALRVAKS «21 2351 52% 2495. e548 Y%695 
Fern 3 4231 13617 45394 The 728A 
HAIWES 1°53 42 34 o399 4162 eYRH419 
HALLS Ve 4231 82614 (79% 1684188 
hay 2 4251 211 1559 0 249355 
LAS FRORES 245 4231 2692 59382 1°41385 
LINCOLN °5 4231 1866 3732 0382064 
NIeHals ov 42351 726 772, e1S199 
PLIEKEXS 1644 42314 oay? 446390 1014299 
Sd lekus oe? &251 Hay 3737 0383243 
SIERRA AADRE 2039 423) 1441 642 0142283 
SWUVER e25 4231 ws 8, 8 
STUUGA 1.05 4251 41733 7372 167624 
SUbSEF UPPER 044 42351 Fini 26%% °©634505 
VERUSoU 1c HS 42514 31045 $468, eo 742X759 
WEST RAVINE 025 4231 4853 49212 Ke &N77 
wilteurR 8043 4234 37517 43al 1652742 
COLUIN SUMS 33628 144429 129435 3605924 
COU Means - 12671 €at1645 6471675: 105275 


Time « 0134 


DSPMETEG, ern ee 


er 


| 


waerFtet®#mt#iteaitHrEmrHEiHlm = 


(1) 
CANYON NAME 


BRAY 
QUNSMIIR 
EAGLE 
FAIRIAKS 
PERN 

HAINE? 

HALLS 

HAY 

LAS FLORES 
LIREULK 
NICHOLS 
PICKENS 
SHTELIS 
STERRA MADRE 
SNUveER 

ST OUGH 
SUNSET YPPER 
VeRUUCO 

WES RAVINE 
WELWIR 


COburIN SUBS 
COLUNA Meads 


TI4é& © «235 


DEBRIS 


LOS ANSEL CS WAT 
PRIVULTIOY UF 2A 


OATA PROYLOEY BY THE Lede 


(2) 
AREA 
(sQ mt) 


344 
Vdegsd 
625 
3,03 


336423 
10671 


(3) 
W942045 tay 
(Cu YY/SQM 


11277 
11277 
11277 
41277 
11277 
112777 

41277 

41277 
11277 
41277 

41277 
14277 
11277 
11277 
41277 
11277 
41277 
11277 
11277 
qiz7e 


ERSHEV SYSTEM 


ChaAws) 


VEORIS GASINS FOR 1942743 
CounTy FLOOD CONTROL VISTRICT 


(4) 
Ss YrE(o 
1) (Cu yu) 


3ide 
140? 
15/31 
2774 
0 
29647 
464533 
345% 
12759 
1a%4? 
2936 
53585 
544% 
652% 
075? 
29577 
Jd 


78378 
VERS 
46120 


370934 
188452 


(5) (6) 
RATE INDEX 
(Cu yu/se HL) (Cok S/COL 3) 
30 a9 © 256824 
16675 Lo478o07 
25470 26294625 
15304 Toi?y75 
6 ov 
19377 4671323 
45597 4284336 
159277) 1235448 
234353 2251423 
25875 4635315 
3147 0232611 
29422 2258242 
24148 107445455 
2355 022317 
26321 2237853 
17925 1058952 
¥v 7] 
7798 €6914976 
39536 3653598 
5143 0453481 
340853 34.2259 
VW dh2e9 1651158 


im ll ee a 


OESRIS PROYUCTLON OF 1¥ 
DATA PROVIYVEYD By The Lhe 


( 
( 
(4) (2) 
CANYUN NAGE AREA 
: (su 41) 

BRANY 4-43 
Ou SHUIR ot4 
EAGLE ra | 
FATRO&KS e2i 
FEKN o3 
H4&INES 4653 
WALLS 1.289 
HAY 2 
LAS Flores 04S 
LINCOLN 05 
NICHOLS 0G 
PECKENS 1h 
SHIELUS oe? 
SIERRA HADRE 2639 
SHOVER 023 
STQUGH Jeos 
SUNSET UPPER 04h 
VERDUGGD 1A2G5 
WEST wAviive 029 
Cotuin suns 240798 
COLYUAN MEANS 1254474 

( 

C 

C 

C 

C 

C 

Tiric 017A 
(9 


LOS ANGELES WATERSHED SYSTEM CLAUS) 
VEORKLS AASEIRS FORK 1941-42 
COURKTY FLOQY CONTRYUL DISTRICT 


(3) (4) 
1941-42 LAUS YIeyo 
(cu yY/SQ MI) CCU Yo) 

4233 a 

4235 336 

42355 0 

42353 % 

4233 g 

6233 @ 

4233 @ 

4233 6 

4235 G 

4233 (4) 

6233 24105 

4233 a 

4233 6 

42 35 6 

4233 @ 

4233 @ 

4255 12358 

4253 67971 

4233 ivy 

VA4949 
$523.63 


(5) 
RATE 
(cu yD/se@ 41) 


& 
= 


mPe®OoRa Be fFE 


en 
ws 
on 
+ 
w 


6 

6, 
280986 
6703 
716 


61643 
$242455 


(6) 
INDEX 
(Cok S/CVL 3) 


8 
094490 


oh 784% 


SPUDAR_QVIABdArss 


6063594 
1659709 
ef OI147 


14065542 
076614 


. | | _ _ 


= = = = 


= =@ & & 


= -_ 


oe ee 


=) 


i?) 


(1) 
CANYON NAME, 


BRA KY 

BUNS NUTR 
EAGLE 
FAIROAKS 
FERW 

HATRES 

HALLS 

HAY 

LAS FLORES 
LINGOLK 
NICRULS 

PICK EWS 
SAlekus 
SLERRA MAURE 
SNIVER 

sf ous 
SuASET UPPER 
VWERUVUGY 

West RAVINE 


COLUMA SUNS 
COLURN MEANS 


TSHE ¢ olde 


DEBRIS PROOYUETIO' 


LOS ANGELES WATERSHED SYSTEM (LAWS) 
VEBRIS BASINS FOR 1944-41 
COUNTY FLOOD CONTROL OLTSTRICL 


DATA PRIVIVED By THE Lehe 


(2) 
AREA 


(SQ 41) 


24e79D 
Lo3u57e 


oF 19 


(3) (4) 
1940-41 LAWS yIevv 
(Cu yO/SQ MI) (Cu YO) 

10127 1055 

146127 11447 

46127 13245 

14127 399d 

1ai2? 4563 

19127 12534 

16127 43714 

43127 615 

1612? Pi 

tela? 11764 

10127 t) 

1.0127 34437 

19127 9444 

Tnite7 7) 

1di2? 3342 

16127 3] 

13:12? 6 

14127 86377 

18127 8410 

251567 
1321461 


(5) 
RATE 
(CU yO/SQ HI) 


GH24 
14165 
226096 
19 anu 
1$ddu0 
6205 
459535 
3n75 
0, 
23528 
8 
16715 
54977 
0 
1446). 
(1 

6 
8564 
344 64% 


204704 


1393108. 


(6) 
TINOEX 
(cok S/eot 3) 


0131115 
1.39261 
2624114 
4036617 
1657994 
e813821 
4253767 
0335644 
a 
2.32329 
2) 
12843033 
3.45334 
8 
1642194 
i] 

@ 
034566 
5040518 


2661584 
4637571 


- -™ : | . | : | 


a 2 


=e = 


2 Bee 


= @&, 


(1) 
CANYON NANE 


® RAND 
OUNSMUTK 
EAGLE 
FAITRUARS 
FEKN 

HAINES 

HALLS 

HAY 

LAS PLUKES 
LINCOLN 
HICHOLS 
PICKENS 
SHIELDS 
SLERRA MADRE 
SNOVER 
SUNSET UPPER 
VER OQYGO 

WEST KAVINE 


COLUMN SUNS 
COLUMN MEANS 


Time 3 162 


OEBRIS PRUDYLTIOYN 


(2) 
AREA 
(3Q HT) 


2350148 
1628556 


LOS ANGELES wArERSHEY SYSTEM (LAWS) 
VEBRIS BASING FOR 1939-49 
OATA PROVIVED By THE LeAe COUNTY FLOOD CONTROL OLSTRICT 


(3) 


4939—40 LAUS 
(Cu yO/sQ wl) 


2323 
2323 
2323 
2323 
2323 
2325 
2323 
2323 
2323 
2323 
2323 
2323 
2323 
2325 
2325 
2323 
2323 
2325 


OF 18 


(4) 
YIELD 
(Cu yo) 


4827 
22072 


(5) 
RATE 
(Cu yO/SQ MI) 


8 
2016 


54113 


2834061 


(6) 
INDEX 
(COL S/CO 


2081722 
VWWe3ii2 
6 
3 
i 
3221433 
9) 


03964 
bo 
10682282 


8 
Bo 173548 
6 


8 
4] 
6 
6 
68573843 


220065 
10622239 


3) 


he ee eee ee ee ee ee 
Vv 


-~ 


(4) 
CANYON NAME 


BRAHO 
OUNSMUIR 
EAGLE 
PALROAKS 
PERK 

HAINES 

HALLS 

HA ¥ 

LAS FLORES 
LENCOLN 
NICHOLS 
PICKENS 
SHLELUS 
SIERRA MADRE 
SNOVER 
SUNSET UPPER 
yeRvUGI 
WEST RAVINE 


COLUMN SUMS 
COLUAN MEANS 


DEBRIS PRODUCTION OF 18 


DATA PROVIDED By THE Lede 


(2) 
AP EA 
(sa 41) 


1643 
084 


04% 
143005 
025 


23.144 
1025556 


TIME & 0278 


(3) 
1938-39 LANS 


(cu yO/soQ aI) 


4976 
1976 
1976 
4976 
1976 
1976 
1976 
41976 
4976 
1976 
1976 
1976 
1976 
1976 
1976 
1976 
1976 
1976 


LOS ANGELES WATERSHED SYSTEM (LAWS) 


DEURIS BASINS FOR 1938-39 


(4) 
YIELo 
(Cy YO) 


2031 
1112 
@ 

6 
3763 
4398 

3] 
21691 
7) 

@ 
24hn3 


45724 
2540044 


COUNTY FLOOD CONTROL OISTRICT 


(5S) 
RATE 
(Cu yo/sa MI) 


6, 


144691 
6535039 


(6) 
INDEX 
CcOL S/cOL 


5013917 
1<25851 
A 

6 
2641943 
Bo22A24 
a 
46¢4469 
§ 

9 
4286437 


7302242 
4e 0841 


3) 


ver 


=a SBS See eS ee ee eee eee 
i) v v q v v 


¢1) 
CANYON HAHE 


BRAKY 

YUNS 4ULR 
EAGLE 

FALR OAKS 
PERN 

HAINES 

HALLS 

HAY 

LAS FLORXCS 
CLERC OLN 
WICHOLS 
PACKENS 
SHIck US 

S TERRA MADRE 
SNUVER 
SUNSET UPPER 
VERV¥UGY 

WEST RAVINE 


CuLUMN SUMS 
CulLUHN MEANS 


LOS ANGELES yATERSHED SySTEmM CLANS) 


DEBRIS PRODUCTION OF 18 
DATA PROYIVED By THE LeAc 


(2) 
AREA 
(sQ Mt) 


04% 
1A@.ee5 
e25 


2301448 
1628556 


(3) 
1937-38 LAb 
(Cu vO/somM 


33374 
3337+ 
33374 
33374 
35374 
353574 
33374 
33474 
33574 
33374 
33374 
35374 
35374 
33374 

54374 
33374 
33374 
33376 


OEBAIS BASINS FOR 195/~34 
COUNTY FLOOY CONTROL VISTRICT 


(4) 
S YIELO 
1) (Cy yo) 


(7) 
78216 
41094 
12439: 
21153 
91595 
118125 
24993 
95457 
1461 
0. 
122197 
S314? 
651462 
16089 
$4) 
VAS3SS4 
29890 


772297 
42785 64 


(5) (4) 
RATE INDEX 
(CU Ye/SQ m1) (COL S/COL 3) 
6, 2 
93114 2.79 AN2 
53344 2084752 
641485) 1.89535 
73526 2.1132 
33663 103HS566 
VAZAI 4% 3.45439 
1.84993 3.14586 
123248 3067415 
20122 eOR2924 
vy; 2) 
66414 1.9B99 
135174 3095546 
26427 o791B44 
72554 2¢17?415 
7] oa) 
12483 051417 
119404 3057955 
Le 1? GETS 
6126505 1683402 


3350124 


= PweTerterkthUPrClCUCU OC COO CUP eS oe oe ee 


(4) 
CAHXYON NAME 


BRANU + 
DUNSHMULR 
EAulLe 
FAIROAKS 
FERN 

HAINCS 

HALLS 

HAY 

LAS FLORES 
LIncuts 
PICKENS 
SIERRA 4AURE 
SUNDET UPPER 
Ve ROUGU 

WEST RKAyIae 


COLUAN SuMS 
COLUMN MEANS 


VEBRIS PROOULTION OF 


DATA ProvIYEY 3y THt LeAo 


(2) 
AREA 
(sq NI) 


21039 
1245333 


(3) (4) 

19 36=37 LAYS yIeLrod 
(Cy yursa2 4f) (Cy yd) 
56 57 1) 

5657 ) 

$657 6 

5465 7 14611 

54570 21456 

5057 A 

$657 26281 

5657 7] 

5657 r) 

5657 29299 

5a57 28454 

Sos? 3] 

3697 7) 

56057 8 

5657 13316 
423327 
B22166H 


LOS ANGELES WATERSHED SysTEM CLAWS) 
15 DEBRIS BASINS 
COUNTY FLOODY CONTROL YISTRICT 


FoR 1956=37 


(5) 
RATE 
(Cu yo/SaQ mI) 


6 
9 


73264 


2926H)1. 
19466001 


(6) 
INDEX 
(COL S/COL 3) 


6 
8 
a 
1222991 
12°6427 
4 


6e71628 
a 

6 
72414474 
1636371 
Pa) 

8 

6 
126951 


$126176 
3044114 


aamnmemmeRrerRreHFTFwewTweeeewetet?.)! sh! 


LAS ANGELES WATERSHEY SYSTEM (LAWS) i 
OEBQIS PROVUICTION OF 12 OesKIS BASINS FOR 17°535-36 
DATA PROVIYFL By THE LeAe COUNTY FLOOY CONTROL DISTRICT 


(1) ‘ (2) (3) (4) (4) (6) 
CANYON RARE AREA. 19§S=350 LAWS Y1eLv RATE INDEX 
(sQ mi) (Cu yOofsa ml) CCU 9) (Cu yYO/6Q MID CCOL S/EOL 3) 

BYANY 1.93 5639 4, ial] 6 

VUNS MUIR eB $:6389 942 424. 0197 847 
rFALTROAKS o21 5639 157141 74814 1301556 
FERS 03 S6oy 12492 44354 A1 7226566 
HALLS 4en6d 5639 2352? 22425. 3e86852 
LAS FLORES 049 5689 10732 23626 4015295 
LInCudn 25 55 a9 7458 153716 2079768 
PICKENS 1294 55 4 3256) 10777: 269492 
STSRRA MADE 2e3sy 5649 rs) oO, a 
SUNSET UPPER 046 Soa 8 vy é 
VERVULU 1490H9 548Y Cs] 3 8 

WEST RAVIVE 025 5569 7201 23.8234 506631 
COLUHN SUS 17246 414724 22442386 3904456 
COLUMN MEANS 1662107 - 9227 16 ¢d9p5 be20713 


|, ee) ee | v 


(7) 
CANYUN NAHE 


VUNSIUIR 

SLERRA MADRE 
SUHSeET UPPER 
WEST KAyIVe 


COLUMN SUNS 
CULUMN MEANS 


LOS ANGELES wATERSHED SYSTEM CLAYS) 
VEBRIS PROAVUCTION OF & UeEBRLS BASINS FOR 1934235 
OATA pPROVA0cCD BY THE LeAo COUNTY FLUOY ConTROL YVISTKICT 


(2) (3) (6) (>) 

AREA 1934-35 LAs YIEbLv RATE 
(Se sl) (Cu YY/SQ 41) (Cu yo) (Cu yossSa 41) 
0&4 3449 a a 

2.3? 3205 6 a 

web 3855 6 ca 

025 5645 12075 48584: 
5292 12¢95 43533, 
058 $B250075 123895 


(6) 
THO Ex 
CeO 3S/C0L 3) 
8 
6 
8 
15-6525 


1526823 
3092053 


\j . | 7 , | : | vv y 
\J \J VJ yj 


LOS ANGELES WATERSHED SySTEM ClAus) 
VEBRIS PRMuUCTION UF 2 VEBRIS BASINS FOR 1935-34 
OATA PRGVIVEY 3Y THE LeAe COUNTY FLOIY CONTRUL JISTKICT 


(1) (2) (3) (4) (5S) 


CANYUNW NAME AREA 1735-546 14s yleto PATE 
(S@ mq) (CU YY SQ MI) (Cu yu) (Cu ye/se Mt) 


DViylue OVeEKPhou fd 21d 

STERKFA MAYRE 2e3r 1] a v, 
OUlLYILYE UverFlOw Lil 214 

FLOATING UveRFhun IN 247 


SUNSET UPPERX 044 t) 6 0 
tuburid SUMS 2055 ts) 8, 
CULUAIN MEAAS 16415 8 3 
iN 
c 
.< 
Thae ¢ 393 
C 
( 
( 
( 
( 


(6) 
INDEX 
(cot S/CoL 35) 


1701416438 


Lo7b14 ter 38 


16781415458 
Bods? BOF +37 


A 
I 
— els: ’ ee 


